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PREFACE. 

This elementary work has been prepared to 
meet the requirements of two distmct classes of 
students. For those who have some knowledge 
of agricultural practice it will probably act as 
a familiar introduction to the instruction given 
in various Manuals of agricultural science. On 
the other hand, it is hoped that the student who 
has little or no knowledge of farm practice will 
find it a convenient sequel to such works. The 
scope of this elementary book has been limited 
to a familiar outline of the more important con- 
ditions which influence the growth of farm crops ; 
hence it does not extend to the utilisation of 
these crops by the aid of animal life. 



London, Noverriber 1881. 
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ELEMENTARY LESSONS 

IN THE 

SCIENCE OF AGRICULTURAL PRACTICE 

— M^ — 

CHAPTER L 

There is a very great difference of opinion as to 
what is meant by Agricultural Science. It is a 
term very frequently used to express very different 
ideas, according to the knowledge and judgment of 
the person using it ; but it is manifestly desirable 
that there should be a clear recognition of its true 
meaning. Agricultural Science may be fairly de- 
scribed as '' Scientific truths taught by the 
Practice of Agriculture." It is a definition which 
will probably lead some to remark, " I thought that 
Agricultural Science was intended to teach me how 
to farm, but the order is here reversed, for this makes 
the Practice of the Farm teach me the Science of 
Agriculture." Such a comment would be perfectly 
just, and the title which has been chosen for this 
book is intended to prevent — as far as may be pos- 
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2 THE SCIENCE OF [ohap. i. 

sible — any misapprehension as to the general cha- 
racter of Agricultural Science. As soon as we accept 
this definition of Agricultural Science, we are there- 
by guided into a safe course for obtaining sound and 
reliable information on the subject The laws of 
Agricultural Science will be most accurately learnt 
when they are deduced from the practice of farming, 
and from a careful observation of the conditions which 
control the production of our crops. When this 
truth is cordially acknowledged, we see men of science 
learning from farmers the science of their prac- 
tice, and in doing so they communicate to the culti- 
vators of the soil much useful information, which will 
lead to improvements in the application of science 
to farm practice. The exchanges of thought 
benefit both, and as a natural consequence both 
groups have some new light thrown upon the views 
previously held, and in each case a thirst for a fuller 
and more perfect knowledge of the matter will be 
established. 

This result is most perfectly attained when you 
have the two characters blended in one and the same 
individual, such as when a farmer has been a student 
of science, or when a man well educated in science 
has been engaged in the cultivation of the soil. It 

is this combined knowledge of science and of 

practice which perfects the judgment, and renders 
the opinions formed more complete and more accu- 
rate. The terms. Scientific Agriculture, Agricultural 
Science, and Agricultural Chemistry, are very often 
used as if they had exactly the same meaning. Other 
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pexsons £Edl to see any dktinotioQ between Agricul- 
tiiial Science, and the study of chemistry, botany, 
geology, and physiology ; but these difficulties really 
arise from an imperfect knowledge of the matters 
spoken oil If, however, the definition already given 
of Agricultural Science be accepted, there will 
then be less danger of confusing terms which have 
such distinct and different meanings. The sciences of 
chemistry^ botany, geology, and physiology, 
etc., rightly used, are each and all of them of inmiense 
value and importance to the farmer. They are, in 
fSftct, a series of detached assistant agencies, which 
require to be brought into concerted action ; and the 
only means by which this can be accomplished for 
the advantage of the farmer is by the aid of Agri- 
cultural Science. This condition of things is not 
peculiar to agriculture ; it attaches to every case an 
which science is made use of for improving any of 
our manufacturing industries. All hold one common 
relationship, but they vary considerably in the extent 
to which such co-operation extends ; and there is no 
reason whatever why the business of fEurming should 
be separated from the series. 

The study of pure science is valuable, amongst 
other things, in enabling a man to inform himself as 
to the character and composition of the materials he 
has to deal with. It matters little what the material 
may be which he has to work upon — ^it may be either 
an animal or vegetable product, or a mineral — 
if he knows its general nature and specialties of cha- 
racter, then he can deal with it with greater success* 
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The manufacturer studies that branch, or those 
branches, of science, which have reference to the 
material he intends dealing with ; and he does so 
in order that he may the more successfully learn 
the practical details of his business. The study of 
pure science is as a lamp which aids him to see the 
why and the wherefore of the operations taking 
place around him, but he has still to gather the prac- 
tical knowledge or experience of the business or 
manufacture, in order that he may work in the light 
so given. For the interests of farming we want this 
practical work to proceed under a clearer and brighter 
light. The several branches of science are ready to 
contribute their help. Chemistry has done, and will 
still do, much to throw light upon this work ; but it 
comes, as it were, with its own special tint. Other 
branches of science are capable of doing similar good 
service, but when any one is used alone it throws a 
tinted light. It is when they all contribute to the 
work that we get the clear and perfect light we need. 
We have an illustration which happily explains these 
conditions. White h'ght consists of coloured lights, 
which are called simple or primitive lights, and these 
can be separated, giving the varied colours of the 
rainbow ; but when these are blended again we lose 
these distinctive tints, and reproduce a clear, bright, 
and colourless light. So also, if we bring a well- 
balanced and tolerably complete knowledge of science 
to bear upon agricultural practice, we lose the tints 
given by different sections of science, and we get a 
brighter and purer light to aid us in our labours. 
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Happily for the progress of Agricultural Science, 
we have a large number of farmers in this country 
who have received a good training in science, and 
they are from day to day gathering- in fresh truths 
from their experience in agriculture, learning valuable 
lessons from their successes and from their failures, 
steadily accumulating evidence from Nature's own 
mouth, and thereby enabling some more complete and 
definite character to be given to Agricultural Science. 
Thus, whilst we suggest that a study of pure science 
prepares the farmer for observing results with greater 
accuracy, and for tracing those results to their proper 
causes, we should be guilty of a great oversight if we 
did not recognise the fact, that the rich stores of 
knowledge which we find in the minds of experienced 
farmers, contain many a precious grain of truth, 
although it may not have been winnowed as clean as 
if they had had the opportunity of acquiring some 
knowledge of the sciences. It is a duty to point out 
the advantages of a study of science as preparing 
any one for understanding more fully the materials 
he has to deal with, but it is also incumbent upon us 
to remember that many have not had this prepara- 
tion, and yet have struggled on against the stream, 
gathering -in their contributions to the science of 
agriculture. These may want more or less winnow- 
ing, but those who look upon Agricultural Science 
as it has been herein defined, — as " Scientific truths 
taught by the Practice of Agriculture," — will see 

that the experience of practical farmers is the 
great storehouse of Agricultural Science^ ond 
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that, instead of such science being in any way op- 
posed to practice, it is its very essence, its life, the 
spirit by which it is animated. 



CHAPTER IL 

The cultivation of the soil is now regarded by all 
intelligent men as a manufacturing business of the 
highest importance to the welfare of this country. 
It is generally carried out in that rough and ready 
manner which distinguishes the practice of those who 
adopt a certain course of procedure, because it will 
probably lead to successful results. The experience 
of the farmer is a very valuable guide in the attain- 
ment of such results. It should be distinctly recog- 
nised as absolutely essential for those who would 
succeed in the cultivation of the soil, and a possession 
of this knowledge should be accepted as a necessity 
of the case. There must be no doubt whatever of 
the immense value of sound practical knowledge of 
farm management, for it stands in the same relation 
to the cultivation of the soil as the rudder does to 
the ship. An absence of either of these, simply 
indicates a drifting to destruction, rather than the 
attainment of success. In both cases the issue 
depends upon a series of uncontrolled influences, and 
the probabilities in both instances are in favour of 
failure and disappointed hope& A ship with a 
rudder to guide it may meet with misfortune and 
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danger ; but the value of the rudder is admitted be- 
cause it so generally prevents loss, and enables the 
voyage to be terminated with feelings of satisfaction ; 
and a knowledge of practical farming is equally im- 
portant. Whatever may be our views of the great 
value of Agricultural Science, we ought always to 
remember that the only foundation on which it can 
rest is a sound and practical knowledge of farming 
operations. 

Whilst we thus recognise farm experience as the 
rudder which controls our course, we may also regard 
Agricultural Science as the mariner's compass, which 
indicates to the experienced sailor the nearest and 
best line for his ship to take. However much we 
may value the rudder, we know how great are the 
advantages arising from the supplemental help of 
the compass. Nor must we forget that neither are 
of value to any but those who are accustomed to 
their use. Both, however, become of priceless value 
when skilMly used. 

Thus, in approaching a consideration of Agri- 
cultural Science, we must clearly recognise the fact 
that, rightly and judiciously employed, it may be 
made a valuable supplemental help to those 
who have a sound and practical knowledge of farm 
operations. It is as foolish to reject the aid of 
Agricultural Science as it would be to cast the 
mariner's compass from the ship ; and, on the other 
hand, any doubt as to the necessity for farm experi- 
ence is as devoid of reason as an indifference respect- 
ing the need of a rudder. Each of these departments 
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of agricultural knowledge is of immense value — they 
are not opponents, but joint contributors to success. 
The prudent man will rightly use both of them, and 
consistently seek to become more and more fully 
acquainted with each. 

This acquirement of a knowledge of Agricultural 
Science necessarily claims our attentive thought and 
steady perseverance, but considerable advance may 
be made without any undue demands being made on 
either — especially when the subject is brought under 
consideration stripped of all needless technicalities. 
In these Elementary Lessons some of the foundation- 
stones of the structure will be exposed to view, with 
a desire to encourage the reader to seek out others 
which underlie many of the successful practices of 
the farmer; so that he also may contribute to the 
fuller knowledge of the subject. It may be readily 
admitted that our knowledge of the principles of 
agriculture is very imperfect ; and that there is an 
abundant opportunity for those who are acquainted 
with the practice of agriculture to discover some of 
the principles upon which such practice is based. If 
we accept the experience of the farmer as a rich store 
of facts from which, by the light of science, we may 
discover an explanation of the results which have 
been observed, then, and then only, shall we be 
adopting a safe and prudent course — especially dur- 
ing the early period of research. We must for a 
time seek after facts, and investigate the conditions 
under which these have arisen, rather than look out 
for such facts as will dovetail in with any precon- 
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ceived ideas of Agricultural Scienca Conscious of 
the want of more truth to guide us, we shall follow 
the safest course if for a time we gather out the 
jewels which have abeady been brought within our 
reach by successful practice, and thus labour zealously 
in the attainment of a more complete knowledge of 
the subject. We must thoroughly realise the fact 
that Agricultural Science is really the Science of 
Agricultural Practice, or, in other words, that it is 
those lessons of scientific truth which we may learn 
from the experience of the practical farmer. 

But in order that we may be able to learn these 
lessons, we must first be content to acquaint our- 
selves with some of the conditions and circumstances 
which influence the operations of the farm. The 
soil naturally presents itself to our notice as being 
worthy of our study. We have spoken of the culti- 
vation of the soil as a manufacturing business, and 
thus we have the soil as the raw material, which 
has to be converted into those marketable products 
which are most desirable for a farmer to sell Other 
manufacturers use the raw materials which best meet 
their requirements, but it is from the soil that the 
farmer has to produce those var3ring forms of animal 
and vegetable food which it is to his interest to 
manufacture. It is therefore clearly desirable that 
those who are to support themselves by the cultiva- 
tion of the soil, should have a very complete know- 
ledge of the character of the soil which they have to 
cultivate. In fact, we may say that it is not only 
desirable, but actually necessary, if the cultivator 
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wishes to draw from that soil the largest produce of 
the greatest value, and at the least cost in cash and 
material 

The soil is very commonly regarded simply as 
earthy matter, which is devoid of all interest except 
as regards the plants which grow upon it. But this 
is far from being the fact, for as we become more 
intimately acquainted with our soils we see evi- 
dences of character which well-nigh constitute 
them living realities. We find points of character 
which indicate powers approaching very closely to 

tempers, wills, and dispositions, which the 

farmer is bound to consider, and which he neglects 
at his peril. Many a soil is said to have " a will of 
its own," because if its peculiarities of temper be dis- 
regarded much of our labour is expended uselessly. 
Much of the farmer's success turns upon his familiar 
acquaintance with those points of character which is 
commonly known as the temper of the soil, and yet 
how few stop to inquire as to the causes of these 
variation& But when these variations in character 
are traced out, and when a person thereby becomes 
more familiar with them, it appears almost to invest 
our soil with new attributes of life. Hence we have 
become accustomed to speak of soils as being 
hungry, or sick, or grateful, and as obstinate, 
kindly, and tender, and so on. The plain fact is, 
the more we know of the soil the more interesting it 
becomes, until it causes a feeling of surprise that any 
one can look upon the soil with the indifference 
which arises from an entire ignorance of its character. 
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But, besides all this, the soil boasts of a history 
extending over long periods of time, during which it 
has undergone changes of the greatest importance ; 
in fact, its history gives us a series of incidents of 
most thrilling interest, and contributes greatly to sur- 
round the soil with associations which not only give 
to the reflective mind subjects worthy of careful 
consideration, but they indicate to the farmer how 
he may make that soil a source of greater profit to 
himself. 



CHAPTER in. 

As soon as attention is directed to a consideration 
of the nature and character of the soil, the inquiry 
naturally arises : — How were these soils formed, 
and whence came they? With one excep- 
tion, our soils have been formed by the decay of 
rocks. It is a matter of common observation that 
the stones of old buildings do not look as smooth as 
those which have been more recently built. We 
sometimes see modem stonework losing its sharp 
edges by becoming crumbled into dust; but it is 
much more evident on looking at the stonework of 
old buildings. Thus we have instances of even the 
hardest stones undergoing decay on the surface, and 
becoming in this way changed from hard rock into a 
soft or a gritty powder. This change on the surface 
of this stonework is very similar in character to the 
decay of our rocks, whereby they are made to yield 
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portions of their surface in that, more or less, finely 
broken condition which we know as the soil 

The wearing down of the stonework of our build- 
ings fairly represents the mode in which rocks decay, 
and yield that earthy matter which we use for the 
purposes of cultivation ; but in the one case a very 
small quantity of soil is produced, and in the other 
it has'been 'accomplished to an 'exceedingly large 
extent. Through long geological periods, which we 
fail to reduce to figures with any pretension to accu- 
racy, this decay of rocky surface has been steadily 
and persistently taking place, until at length we have 
an abundance of this earthy matter distributed 
throughout the world, and in quantity more than 
sufficient for the wants of mankind. 

A study of geology teaches us that at one period 
— ^far, far remote in the world's history — the surface 
of the earth consisted of rocks which are now known 
as the primitive rocks, or, plainly speaking, the 
first rocks. We have large masses of these rocks 
still remaining, so that we can form a very accurate 
opinion of their nature and character. But a period 
arrived when portions of these rocks became decayed, 
as rocks decay now, and then we had earthy matter 
formed from these rocks, yielding the first soil upon 
this world's surface. From that time we have had a 
series of changes upon the earth's surface, which the 
study of geology partially unfolds to our view ; but 
we have one great fact which it is necessary for the 
student of Agricultural Science to remember. That 
first soil which has been already referred to has 
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undergone many changes ; it has been formed into 
rocks, and again turned into soil, by their 
decay; changed ag^in into rock, and again into 
soil, and this has been taking place over and over 
agfain, as our various geological formations were 
being built up. It is as if some materials of a build- 
ing had been repeatedly used in the reconstruction 
of some more recent portion, and that these had been 
again partially employed in a similar manner. The 
earliest soil produced from the primitive rocks in 
like manner has become rock and then soil, and 
again rock and then soil, very many times. In the 
periods during which it was existing as soil, it may 
have been intermingled with the soils produced from 
other primitive rocks, but of a somewhat different 
composition, and thus its character may have been 
changed. The changes which have been taking place 
have been a series of reconstructions of the same 
original earthy matter, and these have often been 
modified in character by the influences of animal and 
vegetable life. Thus the soil of the field has an 
antiquity of no ordinary character, and it has prob- 
ably taken part in many of the great changes on 
the earth's surface. This is beyond doubt a matter 
of very deep interest, but there is one practical issue 
which we must not overlook — viz. that as these 
reconstructions have been taking place in the manner 
referred to, we ought to find in the primitive 
rocks materials similar to those which we have in 
the soils of our fields. These primitive rocks 
were the first grand store of solid mineral matter, 
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the magazine from which all the supplies were 
drawn, and the various rocks which were found at 
latter periods of time were little more than recon- 
structions of the original materials of the primitive 
rocks. As a matter of fact we do find in the primi- 
tive rocks just those mineral matters which now 
exist in our soils. 

These primitive rocks practically consist of three 
tolerably distinct groups, which are known as 
Granite, Syenite, and Trap, and their composi- 
tion is as follows: — 



Analyses of Primitive Eocks. 





Granite. 


Trap. 


Syenite. 


Silica 


72- 


43- 


59-8 


Alumina . 


16- 


14- 


16-8 


Ferrous Oxide 


1-6 


16-3 


7- 


Lime 


1-6 


121 


4-5 


Magnesia 


•5 


9-1 


2*6 


Potash . 


6- 


1-3 


6-6 


Soda 


2-5 


3*9 


1*3 


Phosphoric Acid, Sul- ) 
phur, ' Manganese ( 


traces. 


traces. 


traces. 


Moisture . 


.«. 


1-3 


1-4 


100- 


100- 


100- 



If we notice the minerals each of these contains, and 
trace out their composition as shown by chemical 
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analyses, we find these primitive rocks differ greatly 
in the materials each would yield upon decay. Thus 
the original earthy matter varied very greatly in 
composition and character; and according to the 
proportions in which these happened to become 
mixed, so was the character of the reconstructed 
rocks modified. So also in the soils which were 
produced by their decay equally marked variations 
were to be found. In this way we have immense 
variations in the character and composition of the 
soils now existing on the world's surface. 

It is desirable, as we proceed, to notice how the 
decay of rocks into earthy matter is accomplished. 
We have seen that ordinary stone buildings bear 
signs of the same decay which took place in the 
early period of the world's history on the first rocks 
on the earth's surface, and which continues to take 
place at the present time. The agencies are very 
simple, and easily understood. It is, moreover, ex- 
ceedingly important that these agencies should 
be familiarly known to the student of Agricultural 
Science, because they are valuable friends to the 
cultivator of the soil, and it is always desirable to be 
acquainted with our friendly helpers. 

Those who have watched farm work have probably 
been often struck with the bright polished surface of 
the mould-board of an iron plough after it has been 
used on some of our soils, and especially on sandy 
soila When the work is completed, and the plough 
is allowed to stand out in the field, the bright polished 
surface soon becomes covered with rust. This rust 



16 THE SCIENCE OF [ohap. hi. 

is caused by somethiiig in the air, which attacks the 
iron. Chemists are able to trace out what it is in the 
air which does this> and they find that it is a body 
which is commonly known to us by the name of 
oxys^en, which is really at the bottom of the mis- 
chief. We also know that this oxygen has a com- 
panion in the air which also helps on the work, and 
it bears the name of carbonic acid. These two 
gases — ^for they are as colourless and transparent 
as air — ^are found to help each other very much ; and 
they not only attack metals, such as the bright 
mould -board we have referred to, but they attack 
rocks, however hard and tough they may he. If you 
rub the rusty surface of the mould-board, you can 
remove a powder, and this shows that the hard metal 
can be reduced to a soft powder. That powder con- 
tains iron, which has been separated from the iron 
mould-board by these agencies, for even its great 
strength had failed to resist their attack. If that 
iron had been beaten or crushed to the greatest 
possible extent, it could not have been as completely 
powdered as it was done by these two gases, without 
any noise, and almost without observation. Thus, 
although we cannot see these two bodies, we easily 
learn that they are very powerful, and it will 
cause no surprise when we say that they are equally 
powerful in breaking down rocks, even when 
those rocks are as hard as granite. 
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CHAPTER IV. 

The changes of temperature and the action of 
water are another pair of agents which work to- 
gether in helping to convert rocks into soiL As we 
have already noticed, the two gases in the air helped 
forward the breaking down of metal and rock into 
fine powder, and the work was made more effective 
by their united action. It is just the same with 
these additional agents; by working together 
these also become increasingly powerful. It may 
be well just to notice how a hard rock is attacked, 
and how the surface is removed and crushed to 
powder. 

We will take the hardest granite rock, and see 
how they attack it. It happens that the granite, 
with all its strength, has two bodies in it, which 
are really prepared to act as traitors in the camp, 
and these bodies are iron and potash. Both of 
these substances are commonly known to us all, and 
we have therefore a certain familiar acquaintance 
with them. The iron in the granite is soon found 
to enter into alliance with some of the oxygen and 
carbonic acid of the atmosphere, just as happened in 
the case of the iron mould board of the plough, and 
after a time we see on the face of the granite a rusty 
mark. This rusty mark has been caused by the 
rain-water removing the rust formed on the face of 
the granite. In fact we have here an exact repeti- 

C 
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tion of the iron beiDg reduced into a very fine powder, 
only it is the granite rock which has given it up, 
instead of the iron mould-board. 

After this has been going on for many many years 
we find little holes in the granite. The constant 
action of these agents is like so many miners driving 
a number of adits into a rock, and as they send away 
what they dig, they leave passages open in the rock. 
So also these atmospheric miners make a series of 
very fine passages in the rock, because they have 
been removing some of the iron and potash from it, 
and thereby there is room for water to penetrate and 
fill these little passages. Whenever a frost comes 
on, the water in these passages becomes hard, and in 
doing so it also tries to become bigger. The same 
sort of thing takes place in the water pipes of our 
houses when the water becomes frozen. If the pipes 
are stronger than the force exerted by the freezing 
water, no damage arises ; but if the pipes are not 
strong enough, then the swelling of the water as it 
becomes formed into ice bursts the pipes, and when 
the thaw comes great inconvenience is caused in the 
house by water coming from the pipes where it is not 
wanted. It is very similar when the water soaks 
into a rock and then becomes frozen — sooner or 
later it bursts ofif the surface, and reduces it to a 
broken condition. 

The continued attack does not stop even then, for 
any portions of stone which may thxxB be thrown 
ojQP are again worked at just as we have noticed in 
the case of the rock. These atmospheric influences 
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are like a well-trained company of sappers 
and miners ; they bore out the passages and blow 
up the parts thus mined, and finally reduce the 
strongest material to small particles. But they 
differ in one respect, for their work is constant; 
they cease not from weariness, nor stay for refresh- 
ment, but day and night, from century to century, 
they are either driving passages into rocks, or blowing 
portions of the rock into atoms. 

We have spoken of the hard fight which takes 
place in the granite rock, and the idea may arise 
that this only happens upon a very small scale ; but 
it will be found that the extent of work thus ac- 
complished, when the world^s surface consisted only 
of the primitive rocks, was something so immeasur- 
ably great, that it is beyond our power to understand 
its extent. The progress of the work is, of course, 
very much more rapid upon softer rocks of more 
recent date. We see it taking place around us, and 
we find that rocks which are exposed to the air, as 
they gradually get covered with soil, so they are more 
or less protected from the air, and consequently the 
reduction into soil is held under control Hence it 
is that some rocks are so largely covered by soil, and 
yet beneath that soil we find the hard rock remaining. 

In this, as in all the operations of nature, we have 
some useful purpose to be secured, and when that 
object has been gained we find no wasteful exercise of 
power. The reduction of rocks into soil has 
been necessary, in order that the surface of the 
earth may be prepared for its varied duties, and of 
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these one of the most important is the production of 
the soil, on which man may exercise his industry and 
skill, in the production of animal and vegetable 
food and many other necessaries of life. We shall 
have to notice as we proceed that at the present 
time the reduction of rock into soil is proceeding far 
less rapidly than in the past, because the work has 
been sufficiently advanced to meet the necessities of 
the case. But we shall also see that the same influ- 
ences are still constantly waiting to help the farmer, 
if he is willing to have his soil rendered more fertile 
and more productive. It is for this reason that it 
has appeared desirable to speak somewhat freely 
upon the past work of these atmospheric agents, 
because they may be employed as friendly helpers 
by the industrious and skilful farmer, if he knows 
how to make use of their powers. For present pur- 
poses, however, the explanation given may in some 
degree throw light upon the inquiry, " How were our 
soils formed, and whence came they ? " 

It has already been stated that there is one kind 
of soil which forms an exception to the rest, and 
its formation is due to two different causes — these 
are the peat and bog soils. Whoever has exa- 
mined these soils must have observed the fact that 
they are largely composed of vegetable matter. 
The soils to which we were previously making refer- 
ence consisted chiefly of mineral matter, and by their 
appearance to the eye were easily distinguished from 
those composed of decayed vegetation. In the peaty 
soils we have the accumulations of vegetable growth 
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which have been gathered during centuries — and, in 
some cases, during many centuries — of time. The 
plants which have made these accumulations have 
been chiefly those which flourish upon and in water, 
and are commonly known as aquatic plants. An 
accumulation of stagnant water appears to have been 
the first step in the formation of peat. This has 
sometimes happened from accidental causes, such, for 
instance, as trees falling across a small stream, and 
thereby ponding up the water. In the great majority 
of cases peat has been formed where there has been 
a basin-shaped surface, in which water has been held. 
Aquatic weeds soon established themselves, and as 
they died oj0f their remains sank to the bottom, so 
that numberless successive generations contributed 
to this deposit of vegetable matter. At length this 
vegetable deposit came near the surface ; the plant 
growth then became more luxuriant, yielding larger 
and more rapid accumulations, until ultimately a turfy 
growth established itself on the surface of the spongy 
mass, and by degrees gave it greater firmness and 
solidity. The height to which the peat could grow 
was determined by the overflow edge of this basin- 
shaped surface, for whatever regulated the level of 
the water indirectly influenced the growth of the 
peat 

Thus we see there are two primary gjoups of 
soils, viz. — those which have been formed by the 
breaking down of rocks, and those which are of 
vegetable production. There are, however, many 
variations observable in those soils which are obtained 
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from rocks which need some further notice. If, for 
instance, a cartload of ordinary soil were to be thrown 
into a stream of water, we should find the water 
passing away quite muddy ; and if it were a strong 
stream we should find it gradually driving the sand, 
grit, and stones of that soil further down its course. 
At length, when the stream is running with less 
force, we should find the largest stones allowed to 
rest first ; further on the smaller stones, after a time 
the coarse grit, and then the sand, would be deposited. 
The muddy water would have probably gone much 
beyond all these, and when the water became quiet 
then the finer portions of the soil would be allowed 
to settle. If we had used a very large quantity of 
soil in the first instance, we should have formed from 
it a series of deposits, each differing in its character. 
If we turned the stream, we might find we had thus 
formed a gjavel soil, a coarse sand soil, a fine 
sand soil, and a clay soil, all produced from the 
same original soil. Now what had thus been done 
on a small scale, has occurred naturally on the large 
scale. The action of water has thus done much to 
separate the soil produced by the breaking down of 
rock, so that we get large areas of gravel, sand, and 
clay soils, all of which have been separated and 
deposited by water in a similar manner. 
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CHAPTER V. 

The character of our soils is also greatly influenced 
by the rocks from which they are produced. Some 
rocks are composed of minute particles, whilst others 
are of coarser texture. This is not surprising when 
we remember that such rocks have been made from 
second-hand materials, or those which have been 
previously existing in other rocks, and, as we have 
seen, may have been so employed over and over 
again. ' Rocks, therefore, have their characters modi- 
fied according to the materials of which they 
are built up. When our soils are found resting upon 
the rocks from which they have been formed, the 
chief difference between the soil and the rock con- 
sists in the soil being more or less perfectly broken 
up. If, for instance, a rock had been formed from 
a fine sedimentary deposit, when it became again 
reduced into the form of soil, it would naturally yield 
a clay soil. Another rock, which had been formed 
of sand and gravel, would, when broken up, supply a 
soil of corresponding character. Such is the general 
result, and hence it is that soils which are found in 
close connection with the rocks from which they have 
been produced may differ so widely in their character. 
It will be seen that we have many agencies at 
work in causing the great variations observable in 
our soils. Some operate in one case, whilst others 
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determine the character elsewhere. There is no 
constancy in the conditions which are brought into 
play, and consequently we have those varieties in the 
character of soils which, whilst they tax the skill of 
the farmer, enable him to raise a great variety of 
produce with greater success than if all our soils were 
of one uniform character. 

This great variation in character renders it 
necessary that we should be able to distinguish 
soils, so that we can describe a soil with some 
accuracy and classify together those which have 
some similarity of character. For this purpose two 
very opposite kinds of soil are made use of, to enable 
us to form our soils into distinct groups. Sand and 
clay have been so employed because of the contrast in 
their behaviour. In the sand of the seashore we 
have the one in perfection, and in the clays used for 
pottery we have the best examples of the other. The 
one, when it has been mixed with water, falls to the 
bottom of the vessel with great rapidity; but the 
other renders the water muddy, and only settles 
down slowly after the water has been allowed to 
rest There are, however, other marked variations 
in character ; for instance, sand, when it is wet, is 
hard to the touch: it has little cohesion, it cannot be 
moulded in the hand into any definite form, it cuts 
hard and gritty, it allows water to pass through it 
with rapidity, and it is firm to the foot. Clay, when 
it is wet, is just the reverse in all these respects : it 
is soft to the touch, it has great cohesion, it can be 
easily moulded in the hand into any definite form, it 
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cuts 8ofb and greasy, it keeps water upon its surface, 
and it is soft and slippery to the foot 

These two bodies — sand and clay — ^have for these 
reasons been selected as the best means for determin- 
ing the groups into which our soils may be divided. 
This classification of soils has been arranged 
according to the proportions in which they contain 
sand and clay. The course of procedure adopted is 
so simple that it needs very little skill to carry it 
into practice. If, for example, it were desired by any 
person to determine what is the character of the soil 
of any particular field, he would probably proceed as 
follows : — In the first place he will have to get a fair 
sample of the soil, and this he should do by taking a 
small shovelful from four or six places in the field, 
mixing them together thoroughly. He will then 
separate the stones, and having well crushed the soil, 
pass some of it through a piece of fine wirework 
(with one-eighth inch mesh), and he will thus obtain 
a fair specimen of the earth. A weighed quantity 
(say 200 grains) is then taken ; it is soaked in water 
for some hours (sometimes it is boiled), so as to be 
sure of having the soil thoroughly softened. It is 
next mixed with more water and well stirred up, and 
the muddy water is quickly poured into another glass. 
It is washed again and again, as long as muddy water 
is obtained ; and in this way the sandy portion of the 
soil is kept in one vessel, whUst^he (muddy portion is 
passed into another. 'When this, muddy water has 
cleared itself by settlement, it is evident that we have 
got sand in one vessel and clay in the other, and that 
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we have, in fact, performed a mechanical analjrsis 

of that soil. By weighing the two deposits we are 

able, by the aid of the following table, to see the class 

of soil to which it belongs : — 

Per cent. 
Sands contain from . . . 80 to 100 of sand. 
Sandy Loams . 
Loams . 



Clay Loams 
Clays 



60 to 80 „ 

40 to 60 „ 

20 to 40 „ 

Oto 20 „ 



It will be desirable to add to the classification so 
obtained, whether the soil is mixed with much or 
little stone ; but this is a matter of general observa- 
tion rather than of weights. Thus persons in 
different parts of the kingdom have the means of 
accurately describing soil, and in such a manner that 
any one can understand exactly what they mean. 

Thus far we have only been dealing with what we 
commonly recognise as the mechanical or physical 
condition of soils, or, in other words, their conditions 
of more or less fine division. There is another section 
of the work which deals with the composition of the 
soils, and this shows us what bodies are found in the 
soil, in what proportion, and in what conditions of 
solubility. These determinations come within the 
province of chemical analjrsis, and involve opera- 
tions requiring great skill, even from professional 
chemists. The chemical analysis of the soil is often 
looked upon as something which may be easily 
performed, but as a matter of fact it is one of tho 
most complicated and troublesome analyses which 
has to be carried out. 
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The information which may thus be obtained is of 
immense value to the fanner, provided it can be 
carried out in a right and proper manner. It is, 
however, most desirable that he should be able to 
understand the results of such analyses, so as to put 
them to a good and proper usa One of the first 
things we learn by such a chemical examination of 
the soU is, that only a Small portion of our best soils 
is really ready for supplying plants with food. That 
which is ready for active service is termed the 
" active " portion of the soil, whilst the remainder 
is known as the "dormant" or sleeping portioa 
Here, then, we get our first division of the soil — ^viz., 
into " active matter '* and " dormant matter ; " and as 
we proceed we shall see that this distinction is of the 
greatest importance to the farmer. The dormant 
matter must not be considered as valueless; it is 
sleeping and inactive, but it may be, and generally 
is, of great value. It forms a sort of reserve in the 
soil, and is of far greater value as a source of fertility 
than it generally is supposed to be. If it be rightly 
treated, it will be to the farmer as the " reserve 
forces " are to that portion of the army which is on 
active duty. It would be considered unwise to let 
those engaged on active duty be completely worn out 
and exhausted before calling up the reserves ; but on 
many and many a farm the reserves are never brought 
into proper service, and the farms are in consequence 
completely worn out and exhausted, while possessing 
stores of fertility which are allowed to remain in the 
soil in a condition of peaceful sleep. 
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CHAPTER VI. 

Althotjoh it has been known for many years past 
that the fertilising matter of the soil existed in these 
two distinct conditions, and that only a very small 
proportion of that matter was in an active and 
available condition, the chemical analyses of soils 
have been very generally carried out, as if all the 
fertilising matter present in the soil were at the 
service of the growing crop. At one time farmers 
hoped that the analysis of soils would make the 
choice of manure a very simple matter. It was 
argued that if a farmer knew what his crop wanted, 
and also what he had in the soil, he could easily tell 
what was the deficiency he had to supply by means 
of manura In that expectation he was bitterly dis- 
appointed, and it will be of advantage if we clearly 
understand how this disappointment arose. The 
plain fact is that analysts too often disregarded the 
well-known facts already mentioned, and dealt with 
the soil as if all of it were ready for the use of plants. 
The natural consequence has been that the analysis 
of soils has been very generally discontinued. Re- 
cently, however, some chemists have consented to 
carry out the analysis of soils in a different manner, 
and have taken measures to separate that portion of 
the soil which is in an active condition from that 
which is in a dormant state, and thus report upon 
the composition of each portion. 
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In this way the farmer can have sound and reli- 
able information, for the analysis of the active portion 
of the soil shows him what there is in the land which 
is ready to help his present course of crops. He can 
at the same time judge as to any deficiency which he 
ought to supply by means of manures. Under the 
more usual system of chemical analysis this was all 
confused, because it was not simply that which was 
ready for the present course of cropping, but also 
that which was to maintain the growth of crops 
during future ages ; and the whole was included in 
the analysis. If a farmer is to be informed by 
analysis what he has in the soil available for his 
crops, there must be a clear line of distinction 
drawn between the active and dormant portions of 
the soil, and he can then gain information which will 
be valuable for his guidance. 

Without at present going into details, it may be 
convenient to state that plants require a variety of 
different substances for their full and perfect growth. 
Not one of these bodies is of any immediate use as 
plant-food unless it is present in the soil in such a 
form that it can be dissolved in water, aided by 
carbonic acid or some organic acid. This solution 
of plant>food is assisted by the functions of vegetable 
life, especially as manifested by the minute rootlets 
in their search for food. Thus water aided by these 
weak acids is the vehicle by which plant-food passes 
from the soil into the circulation of plants. Solid 
matter, which will not dissolve in such water, may 
be useful mechanically in giving support to the plant. 
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and in assisting the passage of air and water into the 
soil, but it is of no service to the crop as a supply of 
food. The plant will drink and breathe in supplies 
of nourishment, but it cannot take in solid food ; and 
hence it is that we distinguish that portion of the 
soil which will dissolve in rain water (or a very weak 
acid solution) as plant-food. This also is the active 
portion of the soil, which we have already distin- 
guished from the insoluble or dormant matter. 

It is a matter of great importance to the cultivator 
of the soil to inform himself as to the possibility of 

making this dormant matter take the active 

form, and become ready for aiding him in the growth 
of his crops. This is quite possible, and under 
thoroughly good cultivation it takes place to a large 
extent ; but it will probably be useful if we notice 
how this change is accomplished. The friendly 
helpers in this work we have already referred to, 
and are those atmospheric agencies which were so 
effective in breaking down our rocks into soil. As 
on the large scale they maintained a constant con- 
flict with rocks and stones, so here also they carry 
on the same reducing process, and break up the small 
fragments of the soil into a still more minute con- 
dition. 

Having thus increased the amount of surface, we 
find the rain water— carrying its supply of oxygen 
and carbonic acid-perseveringly bringing plant-food 
into solution, and passing it over into safe custody 
in the soiL In this way large quantities of insoluble 
matter are brought into an active state, and in our 
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best soils we find it well and carefully preserved, 
until the growing crops demand the supply. It will 
therefore be evident that just in proportion as we 
allow these atmospheric agencies to act' and re-act 
upon the soil, so we shall the better enable them to 
change some of the dormant matter of the soil, into 
a condition available for plant-growtL 

It is well worthy of comment in passing that as 
these atmospheric agencies bring that which was 
practically useless into a form available as plant-food, 
they accomplish a work which is equivalent to the 
purchase of so much manure. Hence if, by an 
examination of the dormant matter of the soil, we 
find that it contains valuable fertilising matters which 
are required for the crops, it is clearly more advan- 
tageous to allow these natural agencies to produce 
the supplies, rather than to send away our hard- 
earned gold to purchase them. It is therefore very 
desirable for the farmer to g^ve these friendly 
helpers every opportunity for working in his 
interest. 

Let us now notice in what way, and by what 
means, the farmer can facilitate this work A 
thoroughly good cultivation of the soil aids it. If 
you compare two fields having similar soils — say, for 
instance, clay soils — ^we often find these fields pre- 
senting a very different appearance in the spring of 
the year, according to the tillage they may have 
received. In the one case we will suppose the field 
has been ploughed deeply in the autumn, and laid 
up as rough as possible, so as to expose it thoroughly 
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to the action of the air. In the other case the 
ploughing has been postponed until the spring. In 
the former instance we shall find that our friends — 
the atmospheric agents — ^have been at work on the 
land, promoting the decomposition of any sour and 
acrid matter present in the soil, changing it into 
good and wholesome plant-food, rendering some of 
the dormant matter into an active form, and making 
the soU loose and free for the growth of seed. AU 
this has been done by the action of the oxygen and 
carbonic acid in the air, assisted by water and frost. 
In the second case no effort was made to let these 
agencies effect the same changes, but as the earth 
lay in its solid bed, and probably with water stand- 
ing upon it, it was really becoming less fit for plant- 
growth. So that whilst in the one instance, proper 
cultivation in the autumn was thus preparing 
the soil for a healthy and luxuriant growth of crops ; 
in the other case, the land was ploughed up in spring 
sour and tough, requiring very much more tillage 
than the other, and yet it was not brought into such 
a productive condition. In the one case we have an 
increase in the crop at a smaller cost for tillage, and 
in the other instance we have the help of our atmo- 
spheric friends rejected, and the result is not only 
undesirable, but very expensive. It is well that we 
should value these friendly helpers, and that we 
should do all we can to accept whatever assistance 
they can give us. 
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CHAPTEE VII. 

The exposure of the soil to the action of the atmo- 
sphere is recognised as a means whereby we may 
bring the dormant matters of the soil into such a 
condition that they can be made use of by the grow- 
ing plant. To all intents and purposes we are enrich- 
ing the soil, because we change its constituents from 
a useless into a useful condition. This change takes 
place with greater force in the winter months, be- 
cause we then have the powerful assistance of frost 
to mellow down and pulverise the soil The work, 
however, is continued throughout the year by the 
other agents, and although they have not the help 
of the frost, yet very much is done without it. In 
fact, the action of the winter's frost generally leaves 
the others plenty of work to do before the time of 
its return. 

Another means adopted by the cultivator of the 
soil to permit of the atmospheric influence being 
exerted on the soil, is the proper drainage of the 
land. It is commonly supposed that land is drained 
simply to remove the water which is making it 
wet, but much more than this is accomplished when 
land is properly drained. No doubt the first change 
we see is the passage of the water; but we must 
remember that the water could not run away unless 
the air followed, and took its place. If some stones 
were placed in a bucket, and then covered over with 

D 
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water, it is very clear that the water prevents the 
air having free access to the stones. If, however, a 
hole were to be made in the bottom of the bucket, then 
the water would run away, and the air would get at 
the stones again. But it may be said — " I see no 
proof of the statement that the air follows the water. 
I simply see that the water runs away." Suppose, 
then, we have some smaller stones, placed in a wide- 
necked, stoppered bottle. When a hole has been 
opened into the lower portion of the bottle, the 
water runs away so long as the stopper is out of the 
bottle, but the stream stops as soon as we replace 
the stopper in the bottle. The stream ceases to flow 
because the stopper prevents the air following, but 
the water runs again as soon as we let the air rush 
into the bottle. Thus, the formation of drains in 
the soil allows the water to run away, because it can 
draw air into the soiL Hence it has been said, " We 
drain land as much for the purpose of getting air 
into the soil, as for getting water out of it." 

The drainage of land is therefore a means of 
exposing much of its surface to the action of 
the oxygen and carbonic acid of the atmo- 
sphere ; and as the air passes through the soil, 
so this silent conflict takes place. It is, however, 
an unceasing conflict ; day by day, and night after 
night, the action is constantly going on ; and just 
in proportion as the character and condition of the 
soil permits the entrance of air, so do these friendly 
helpers of the farmer continue to work away at the 
soil, and make it more fertile. Hence, whilst poor 



CHAP. VII.] AGRICULTURAL PRACTICE. 36 

and imperfect tillage give very limited opportunities 
for the dormant matter of the soil to be aroused 
from its sleep, and become useful to the growing 
crop, we see that thoroughly good cultivation 
and drainage rapidly improve the productive 
powers of the soil. 

The same conditions apply to a system of plough- 
ing, known as subsoiling the land. Its object is 
to move the soil which lies below that which is 
usually ploughed, or, in other words, to stir the sub- 
soil. This is a means whereby the passage of 
water through the soil is rendered more easy, 
but as the air will follow, the consequence is that 
this subsoil becomes acted on by the atmospheric air, 
and thereby made useful for vegetation. Just as we 
understand the powerful fertilising influence exerted 
upon the soil by the admission of the atmospheric 
air, so shall we all more highly value a more thorough 
cultivation of the soil and the subsoiL The cultivation 
of the subsoil has been neglected by many who 
acknowledge the value of a thorough tillage of the 
surface soil ; but the advantages of subsoil cultiva- 
tion have never been more manifest than during the 
last three or four seasons. 

The benefits arising from the passage of the 
atmospheric air are not limited to the liberation 
of more plant food. It sweetens the soil by 
changing some of the sour and unhealthy decaying 
vegetable matter- — or, as we generally term them, 
the organic acids — into the higher form of carbonic 
acid, which is one of our friendly helpers, and thus. 
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whilst removing objectionable matters, we thus con- 
vert even these into a valuable servant. So also the 
yellow oxide of iron (ferrous oxide) is known to 
every farmer as injurious to vegetation — some 
would say it is poisonous — and yet under the action 
of the oxygen in the atmospheric air, its character is 
changed, so that it also becomes another useful 
servant,' ready to help the farmer to grow better 
crops. Besides this there is yet another servant 
ready to help him, and that is the ammonia in the 
atmospheric air. Now it happens that this is a fer- 
tiliser which is very expensive to purchase — ^we may 
say it costs £100 for a ton — and yet it exists in the 
air, so that a very large supply can be gathered from 
it by the soiL There even appears to be special 
provisions made in the soil for catching the ammonia, 
to which we shall hereafter refer ; but for the 
present it will probably be enough for us to notice 
how many servants there are waiting to help the 
farmer to make his land more fertile, if he will but 
receive their assistance. These ask no wages ; they 
require no time for rest ; but day and night, from 
one year's end to another, they are ready for work, 
if they are allowed to do it 

Much has been said of late about the successful 
growth of com for many years in direct succession, 
and often has the remark been made that it is a 
wonder that the land does not get worn out and 
exhausted. It is true manure is used to help 
these crops, but the crop requires very much more 
than is so added to the soil; and it must be admitted 
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that the land has to supply a considerable quantity 
of food for these crops, but instead of being exhausted, 
it is sometimes found to become more fertile. The 
cause of this is, that in such cases every care is taken 
to secure the help of these invisible fiiends and ser- 
vants of the farmer. By having the land well drained, 
by having the subsoil properly worked, and then by 
the aid of deep cultivation before winter, the atmo- 
spheric air is allowed to pass through the soil, and 
those agencies, which we saw were so powerful as to 
break down our hardest rocks, are made helpers to 
the farmer, and improve the character of his soil. 

But after all that has been said during the present 
generation upon the powers of the soils to permit of 
these heavy demands, we have simply perfected the 
system previously carried out by Jethro Tull, and 
corrected some of his errors. His system of tillage 
was a powerful argument for a thorough exposure of 
the soil to the action of the atmospheric air, so 
that, whilst the soil was mellowed it was thereby 
also rendered richer in plant-food. The improve- 
ments introduced by Mr. Smith under the Lois- 
Weedon system in Northamptonshire, made these 
advantages still more evident. In the most recent 
advances made by Mr. Prout at Sawbridgeworth, we 
still recognise the fullest advantage being taken, by 
improved machinery and otherwise, to render the 
atmospheric air as effective as possible upon the land. 
Whatever may be our views as to the advantages of 
a system for the continuous growth of com, there 
cannot possibly be any doubt but that it is to the 
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farmer's interest to make the best of these natural 
sources of fertility, whatever system of fanning 
he may carry out. 



CHAPTER Vin. 

It has been pointed out that the action of a proper 
system of drainage favours the passage of water 
through the soil, and thence it passes away at some 
lower level. We have seen that as it passes through 
the land so it draws the atmospheric air after it, and 
that the soil is thereby improved, as its fertilising 
powers are rendered more active. But another most 
important change is accomplished at the same time, 
for the temperature of the soil is raised, and its capa- 
bility for plant -growth proportionately encouraged. 
It will be readily understood that the passage of 
warm air through the soil must of necessity raise 
the temperature of the soil, by its heat being 
transferred to the land. This is a tolerably constant 
source of heat during the greater part of the year, 
especially at those periods when crops are in an active 
condition of growth, and its influence upon the pro- 
gress of the crop is consequently of very great value. 
This is therefore a means for making a direct addi- 
tion of heat to the soil. 

The warmth of the soil is also influenced by 
removal of the water, which has the effect of keeping 
land cold. If the water falling upon land as rain 
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cannot pass through the soil into the drains, or some 
other channels, by which it may escape, the soil re- 
mains thoroughly soaked with stagnant water. 
The warm rays of the sun falling on the land, and 
the warm breezes passing over it, do very little good 
to the soil, and do not warm it as they would drier 
land. The stagnant water has to be evaporated 
— or made to pass away as a vapour — before either 
the warmth of the sun or the warm breezes can 
exert their stimulating influence upon the soil, or the 
crops growing upon it. The cause of this will be 
understood if we remember that a considerable 
quantity of heat is necessary to change water 
into vapour. If a kettle of boiling water be placed 
on a fire, and it receives much heat from it, we do 
not find the water get any hotter, for the heat so 
obtained is used for changing the water into steam. 
There is no material difference in the necessity for 
this heat, whether the vapour be thrown off from hot 
water or from cold land. Hence, in observing the 
stagnant water in a soil, we may safely consider that 
in the drying of the land, the warmth which ought 
to be used in promoting the growth of the crop is 
wasted in doing work which the drains ought to 
have done. The consequence is that wet and 
undrained land is found to be cold and unpro- 
ductive! and even when crops are grown upon it 
they are always kept back so much in their growth 
that they are much later in coming to perfec- 
tion than those grown upon drier land. 

Water is very valuable in the soil, and it has many 
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important duties to discharge; but for the proper 
performance of its work it must be kept in motion 
— steadily passing on from point to point, and exert- 
ing its influence in passing. Stagnant water pre- 
vents these duties being discharged, and has been 
well compared to a dog in the manger. We are 
all familiar with the incidents of this fable, in which 
the dog is resting upon the feed of com in the 
manger, preventing the horse eating it, and thereby 
becoming better prepared for doing his master good 
service. It is very similar with the stagnant water. 
It not only does no good, but it prevents a good use 
being made of the plant-food which is in the soil. 
The advantages of draining the soil are now very 
generally admitted. Experience has shown that not 
only are soils rendered more productive by 
proper drainage, but the horse labour of the farm 
is greatly decreased, and the quality of the pro- 
duce is much improved. 

We have had during the last four years too many 
proofs of the influence of wet and cold seasons, for us 
to need to be reminded that these are conditions 
which are unfavourable to the growth of good crops. 
The truth is forced upon us much more severely than 
we like, but some instances have shown themselves 
which give proof of the value of a thorough cultiva- 
tion of the soil, and also of proper attention to the 
subsoil, as well as the necessity for complete systems 
for the drainage of the soiL Such seasons as these 
involve great national losses ; but upon lands which 
are not properly prepared for cultivation, we per- 
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petaate these difficulties even in good seasons. The 
prudent cultivator of the soil, who recognises those 
conditions which are favourable for the successful 
growth of his crops, will adopt measures to secure all 
the help he can, especially when he sees that his best 
and cheapest servants are always ready to assist him, 
2f he will enable them to work for him. 

In considering the influence of drainage as a means 
for the removal of water from the soil, we must not 
overlook a provision whereby soils are protected 
from injury, by land being over-drained. If a 
very small tube be placed upright m a glass of water, 
the water will rise inside the tube to a higher level 
than the water in the glass. The very fine hair-like 
tubes show this power more perfectly tlian larger 
tubes, and hence this power is known as capillary 
attraction. It is due to the water adhering to the 
side of the glass, and thus it really creeps up the 
tube. We have exactly the same sort of thing hap- 
pening in the soil ; but instead of the passages being 
straight and regular as in the tubes, here we have the 
passages irregular in shape, and made up of broken 
particles of soiL In the tubes we find that the 
smaller the passage may be, the greater is the height 
to which the water will rise. The same rule holds 
good in the soil, for here also the small passages 
render the action more powerful. The size of these 
passages in the soil is largely dependent upon the 
fineness of the soil; for if the particles of the soil are 
large and irregular, it is impossible for them to form 
small passages for the water. Hence we find that a 
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fine subdivision of the soil greatly favours the supply 
of water thus obtained. 

The influence of this capillary attraction is very 
important during the period of the plants' growth. 
However well a soil may be supplied with the food 
needful for the growth of a crop, it is perfectly clear 
that the plants can only make use of it when it is 
carried into their circulation by being dissolved in 
water. The presence of a supply of water to carry 
in the food is as necessary as having the food to be 
carried in. A supply of water for this purpose is 
an absolute essential for the successful growth 
of the crop. We may for the moment suppose that 
we have so thoroughly drained a soil that we have 
taken all the water out of it. Now it is evident that 
if a supply of water be not provided, the growth of 
any crop would be dependent upon the occasional 
showers. This capillary attraction prevents this 
difficulty, and thus we have small supplies of water 
brought within reach of the rootlets of the plant, and 
this water carries the food into the circulation. It is 
a most valuable provision of Nature for maintaining 
the necessary supply ; and as every portion of that 
supply is made use of, so we find other water rising 
to take its place. 

In the warm summer months, when the surface 
soil is parched for want of rain, and when the sun's 
rays are falling fiercely upon vegetation, large quanti- 
ties of water are needed for our crops, and it is at 
such times as these that this underground system 
brings up to the roots those refreshing supplies, which 
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enable the growth to proceed with rapidity. It may 
be asked by some, Wherein is tlie advantage of 
draining the land if the water is carried back 
by this capillary force ? It may be replied that 
whilst men wish to have a water supply at command, 
they would not like to be constantly kept in a cold 
water-bath in order that they may have the water 
they need. It is the same with plants ; if the soil be 
saturated with stagnant water, the crop suffers from 
its presence, and becomes unhealthy; but by the in- 
fluence of this capillary force portions only of the soil 
are charged with water, and the plant seeks its supply 
when it needs it. But the condition of this water 
supply differs greatly from that wetness of the soil 
which one observes in undrained land. The supply 
is more limited, and is held so lightly in the soil that 
it is more like a diffused mist in the land than as 
a stagnant pool. 

Soils differ greatly in the extent to which this 
power is found to operate; the fineness of the 
particles, and the presence of organic matter 

largely control the action. Much of the beneficial 
influence of subsoil cultivation may be traced to the 
assistance thus rendered. If the mass of soil be hard 
and unbroken, it matters little whether its particles 
are large or small; whilst if they have been broken, 
and the rain and atmospheric air have acted upon 
them, then we find this underground water 
supply commences, and according to the com- 
pleteness of our work such will generally be the 
assistance rendered to the cultivator of the soil by 
another willing servant. 
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CHAPTER IX. 

Up to the present time we have chiefly made reference 
to the mineral matters in the soil, those yielded by 
the breaking -up of our various rocks. There is 
another portion, however, which claims our considera- 
tion, and that is commonly known as the org^anic 
matter of the soil. The quantities existing in 
soils differ considerably, but it is present in all good 
soils. If a portion of soil be roasted on an iron plate 
over a fire, we soon find a smoke produced fipom it ; 
and if a weighed quantity had been so treated, it 
would be found to have lost weight by the burning. 
Thai loss of weight represents the water dried out of 
the soil, and also the organic matter burned off. It 
may be well for us to see how this organic matter has 
been obtained by the soil. If we examine the fresh 
soil produced by the action of atmospheric agents 
upon rocks, we shall find very little organic matter 
in such soil, and in some cases none is present. The 
consequence is that none except the lower orders of 
vegetation make growth upon it, but as these die 
their remains become intermixed with the soil. After 
this has been carried on for a time, and the soil has 
become somewhat enriched by their remains, then 
plants of a higher order take their place, and these 
add larger quantities of vegetable matter to the soil, 
so that ultimately it becomes intermixed with much 
of the organic matter produced upon its surface. The 
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term organic matter is generally applied to those 
portions of the soil which have at some time or other 
been organised, and have discharged functions of 
animal or vegetable life. They have formed part of 
some animal or vegetable ; they have therefore taken 
some organised form, and after becoming intermixed 
with the soil are known as organic matter. 

This increase of organic matter which is thus first 
added to the land, consists largely of a matter drawn 
from the air, and the carbonic acid of the atmosphere 
is the chief contributor to the mass of organic matter 
accumulated in the soil. As we carry on the 
ordinary processes of cultivation, so we generally 
increase the quantity of this organic matter. The 
crops we grow send roots through the soil, which 
remain there and decay, when the crop, having 
served the cultivator's requirements, is removed or 
otherwise made use o£ In many cases the stems and 
leaves also add their quota to the soil, and upon most 
well regulated farms the farm-yard manure is added 
to the land, thus supplying it with large quantities of 
organic matter. In fact the general tendency of 
cultivation is in the direction of thus enricliing 
tlie soil with organic matter. 

Some crops, such as the clovers, are especially 
valuable, because they add organic matter to 
the soil ; and the same result is observable after land 
has been laid down in grass for many years. An 
ordinary observer, in looking at such soils, can see 
the numberless small roots with which the land 
is charged ; and the black colour often gives evidence 
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to the experienced eye of earlier supplies of rootlets 
which have decayed in the land. This organic 
matter has long been known to improve the fertility 
of our soils, and in very many cases lands have been 
allowed to remain in grass, in order that this 
vegetable matter may be accumulated in the soiL In 
some exceptional cases crops have been grown for 
the express purpose of being ploughed into the 
soil. In practice, therefore, there*is strong evidence 
in favour of the beneficial action of such organic 
matter in the soiL 

Let us now see what are the duties which are 
discharged in the soil by this organic matter. In 
the first place, it has a tendency to give a certain 
freedom to the soil, which assists the roots of 
plants penetrating it for their food. Stiff clays, for 
example, which, from the extreme fineness of their 
particles, have a tendency to become firm and 
compact, are greatly benefited by organic matter 
being distributed through them. In the case of 
sands we have another, but equally useful, duty 
discharged by this organic matter. In these soils 
there is no difficulty about the roots penetrating the 
land, but there is a want of firmness which is still 
more objectionable, and in such cases the increase of 
organic matter is in the highest degree desirable. 
In each and every kind of soil (excepting, of course, 
peaty soils) the intermixture of organic matter 
is desirable, and in each case it has some important 
duty to fulfil. 

It increases the power of any soil for absorbing 
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moisture and gaseous matter from the atmo- 
sphere j and in the case of sands and gravels, which 
have not the advantage of the underground supply of 
moisture we have already referred to, this organic 
matter often determines whether they shall be un- 
productive or not. It also preserves any moisture 
so obtained, or which may be gathered from the rain 
in passing through the soil, and gives it up to the 
growing plants. In these soils, in which the capillary 
action is naturally weak, we find the addition of 
organic matter assisting tlie supply of water for 
the crop. Nor must we forget that such organic 
matter is one of the means whereby manures and 
plant-food are Iield in the soil, when the previous 
character of the land would otherwise have allowed 
it to be washed away and wasted. At any rate, the 
fertilising matter so removed would have been lost to 
that crop, and probably to the farm also. 

One of the most important functions discharged by 
organic matter in its decay is the preparation of 
some of tlie mineral matter of the soil for assist- 
ing in the growth of the crop. We have already 
made ourselves familiar with the dormant matter of 
the soil, and we have seen how vigorously the oxygen 
and carbonic acid of the atmosphere keep up a per- 
petual conflict with it, and are constantly working 
away to render such dormant matter available for 
plant-growth. The decomposition of the organic 
matter of the soil contributes to this contest, by the 
carbonic acid produced by its decay, so that the 
organic matter is really a means for spreading through 



48 THE SCIENCE OF [chap. ix. 

tlio soil decomposing bodies which encourage and 
assist these changes. Hence it is that the presence of 
organic matter in the soil is always necessary, for if 
it has not one duty devolving upon it, we may be sure 
that it has others, which always make it valuable to 
the land. 

Some have argued against the necessity for the use 
of this organic matter, because it has chiefly been 
obtained from the atmosphere, and therefore other 
plants, it was said, could get their supply from the 
same source. This will not bear the test of practice, 
if for no other reason than the fact that plants 
possess this power of drawing upon the atmosphere 
in very different degrees. Even if the needed supply 
could be obtained, it is evident that other duties 
which are performed by the organic matter in the 
soil would be neglected. We must also remember 
that all this organic matter in its growth has drawn 
upon the soil for mineral matter in an active condition. 
The consequence of this is that as the decay of the 
organic matter proceeds in the soil, so we have a 
gradual restoration of this mineral matter, and in a 
form highly favourable for use by the growing crop. 
So fully does this restoration take place, that it has 
become an accepted practice on many soils, which 
have little power for holding manure, to make use of 
this means for keeping a supply of plant-food 
ready for the requirements of the crop. By the 

application of farm-yard manure to the clover crop, we 
are enabled by encouraging the growth of clover to 

preserve much of the manure, which imder ordi- 
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nary circumstances would have been washed away 
from these soils. In such a case the manure takes 
a new form, and is built up in the clover plant 
This produces an abundance of clover root which, as 
it decays in the soil during the growth of the follow- 
ing crop, yields up a large store of fertilising matter. 
It has the further advantage of g^iving this supply 
of food gjadually, whereas the farm-yard manure 
would have given a larger supply at first, but much of 
it would have been entirely lost to the crop before 
the plants were approaching maturity, and were more 
than ever requiring assistance for perfecting the crop. 



CHAPTEE X. 

There are various terms in common use respecting 
soils, to which we may now refer, and this is the 
more desirable because these terms indicate certain 
practical opinions as to character, which are derived 
from experience in their cultivation. Some soils 
are described as being hungjy. This character has 
been gained by the fact that they are constantly in 
want of food. Sands and gravels, which have little 
or no power of holding manures which may be added 
to the soil, are of this class. They were generally 
distinguished by an absence of the double silicates 
and ferric oxide, as well as a short supply of organic 
matter. Just as a heap of cannon balls, with the 
openings filled with small shot, will give a free pass- 

E 
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age for water, so these soils offer little or no impedi- 
ment to the passage of the rain, and have little or 
no power to soak up and retain any fertilising matter 
which may be in a soluble form. Hence the common 
mode of improving these soils is to add clay in some 
form or other, and encourage the accumulation of 
vegetable matter, thereby increasing the organic 
constituents of the soiL In this way such soils are 
rendered more capable of preserving any fertilising 
matter added to the land, and of securing it for its 
proper duty of giving food to the growing crop. Just 
in proportion as this is done, so the land ceases to 
have that hungry character attached to it. 

Another class of soil are known as toug^h and 
obstinate. These are generally found to contain a 
large quantity of clay, but in the majority of cases 
they only reveal these points of character when 
under bad management. For instance, a piece of 
clay land ploughed up in the spring of the year 
in preparation for root crops, or for fallow, is likely 
to. become hard, tough, and obstinate as it dries in 
the sun, and to demand an immense amount of horse 
labour to reduce, it to the condition of a good seed 
bed. If, on the other hand, such a soil had been 

well drained and ploughed up in the autumn, 

or early winter, and left well exposed to the action 
of the atmospheric agents we have so frequently 
referred to, it would have become reduced to a finely 
pulverised condition in the spring. This change of 
condition is infinitely more perfect than any state 
to which we can reduce it by long-continued horse 
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labour. K, however, after this has been done, the 
farmer is too anxious to push forward his work, and 
by cross-ploughing the land he buries the fine soil, 
and brings up earth which has lain too deep for the 
winter frost to act upon it, then we find he has 
exchanged a soft, powdery soil for one that is 
stifT and obstinate. Thus, whilst he should take 
advantage of the powers for breaking up the soil by 
atmospheric agents, he must not undo the work 
again, by allowing the soil to be brought up in the 
objectionable condition we have named. Yet some of 
these soils, when they have become hard and baked, 
attain a condition which the farmer recognises as 
tender. K, under these circumstances, a gentle 
shower of ram falls, and the drags and harrows are 
sent over it at the right moment, they crumble to 
pieces at once. If, however, a little too much rain 
falls, then they show how tender they are, by becom- 
ing muddy and pasty. Such soils as these try the 
patience of the farmer very severely; but just in 
proportion as he has more organic matter spread 
through the soil, so they lose these undesirable points 
of character, and show less temper in their 
management. 

We also have other soils which are kindly and 
gjateful, yielding good and abundant returns for 
any manure which is judiciously applied. As a rule 
these soils are generally loamy soils, having sufficient 
sand and organic matter in them to enable them to 
be worked without any great difficulty, and sufficient 
clay to preserve and rightly use the manure they 
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receive. These are the most pleasant soils to 
manage, and they relieve a fanner from many of 
the anxieties which appertain to other soils. They 
represent those intermediate forms of soU, to which 
all good management endeavours to reduce those 
which have too much sand or too much clay. The 
strong clay soil, by the introduction of organic mat- 
ter, becomes mellowed, so that it can be more easily 
cultivated ; whilst the sands, by good management, 
acquire greater firmness of character. Both, as they 
are thus improved, assume more of the character of 
kindly and grateful soils. 

Then we have our soils which are on the invalid 
list, and known as " sick." It is with soils as with 
individuals ; there are a gjeat many causes for 
their not being in a healthy condition. Hence, 
although we may see signs of sickness, there is a 
very great variety of cause, and we must not decide 
upon that cause without due and proper considera- 
tion. Soils generally become sick from either of two 
causes. It may be the presence of some objec- 
tionable body or bodies in the soil, or because 
something which the plant requires is absent 

from the land. In some few cases both of these 
causes act at one and the same time. Drainage, 
deep autumn cultivation, and a thorough expos- 
ure of the soil to the atmosphere during the winter 
months, these will, with very few exceptions, meet 
the difficulties of the first class. The washing of 
rain water through the soil is very effective in re- 
moving injurious matter, and this is secured by good 
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drainage and a thorough cultivation. The purifying 
influence of our friendly helpers, the atmospheric 
agents, will very generally complete this portion of 
the work already so well begun. 

The second series of causes — wiz. the absence of 
something wanted by the plant, is a very 
much wider question. As a matter of fact, our 
crops require almost as great a variety of materials for 
their structure as we require for building a house; and 

if the plant has not all the materials it requires, 
it shows that there is something wanted by its sickly 
appearance. It is no use sending to the plant 
what it has already got in abundance, for this will 
not supply that which is deficient. If a building is 
stopped for want of stone, it is no use sending on 
additional mortar. The workman calls for stone : you 
send him something he does not want, and the work 
is stopped. So with the crop : it cannot tell you 
what it wants, but it shows that it wants something, 
and upon its proper supply the progress of the plant 
depends. Hence that Law of Agricultural Science 
which tells us that it is those portions of the plant- 
food which are the least abundant in the soil 
which determine its fertility, and not those which 
are most plentiful. 

It wiU be at once evident that this sickly condition 
of the crop involves an entire series of conditions to 
which we have as yet made no reference. In fact, 
to deal with these cases properly, we must first 
acquaint ourselves with the requirements of our vari- 
ous crops, and see how far these are fairly and pro- 
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perly supplied. We shall then be better able to point 
out the causes of the sickness, which are so often 
brought under the notice of observant farmers. 

For the present, however, in tracing out some of 
the details of Agricultural Science bearing upon the 
character and condition of the soil, it has been shown 
that the soil is far from being that dull, uninteresting 
mass of earth it is too commonly considered to be, 
but that it is full of opportunities for research and 
investigations of the greatest importance. Nor is it 
simply of value as a matter of scientific inquiry ; it 
affects the proceedings] of the cultivator of the soil 
more deeply than any one, and to him this knowledge 
will more than ever become a matter of pounds, 
shillings, and pence. 



CHAPTEE XI. 

We shall fail to understand many of the peculiarities 
of soil unless we have a tolerably clear idea respect- 
ing the materials of which it is composed. The soil 
may be regarded as a mixture of several different 
substances, each having its own peculiarities of 
character, and each contributing its own indi- 
vidual influence to determine the general character 
of the soil. We may compare it to a crowd of per- 
sons, which is made up of individuals, each possessing 
his own individuality of character, but collectively 
blending those influences more or less perfectly. We 
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have in our soils a gathering together of materials 
obtained from various sources, and often mixed 
in very irregular proportions; but as similar 
conditions and circumstances sometimes operated 
over large districts and at other times over small 
areas, the same general result may accordingly be 
observable over a larger or smaller extent of surfaca 
Soils may therefore be regarded as a most irregular 
mixture of decomposed rocks and organic matter, 
differing very greatly fipom each other. The conse- 
quence is, that if we would have any definite know- 
ledge of the composition of a soil, we must rely upon 
the skill of the analytical chemist to separate the 
several substances of which it is composed, and de- 
termine their respective weights. In this way we 
learn what are the substances present in the soil, and 
we thereby secure some knowledge of its capabilities. 
In the following table particulars are given showing 
the composition of some soils which possessed certain 
general characters, differing in a very marked degree 
from each other : — 
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Analyses of Soiia 



Potash . 

Soda 

Ammonia 

Lime 

Magnesia 

Peroxide of Iron 

Protoxide of Iron 

Protoxide of Manga 

nese . 
Alumina 
Phosphoric Acid 
Salphuric Acid 
Caroonic Acid 
Chlorine 
Soluble Silica 
Insoluble Do. (clay) 

Do. Do. (sand) 
Organic Matter 
Water or Loss 






1-08 
1-97 

•06 
409 

•13 
9-04 

•36 

•29 

1^36 

•47 

•90 

6-08 

1-24 

2-34 

67-66 

• • • 

12- 
1- 






trace 
trace 

• • • 

trace 
trace 

}200 



trace 

•50 

trace 

trace 



to 



8- 



100 



96^ 
1-60 



100 



•06 



•13 
•03 

•64 



•78 
•11 
•02 

• • 

•01 



81^50 

16^70 

•02 



H 

si 



2^80 
1^44 

• • • 

•83 
1^02 
4^87 



14-04 
•24 
•09 

• • • 

•01 
61-20 

• • • 

8-55 
4-91 



100 






•80 
1-60 

• • • 

1-28 
1-12 
3-41 



3-68 

•38 

•09 

•92 

trace 

• • • 

81-26 

2^43 
3 23 



100 



100 



9^ 



S 



f 



52-33 
•81 



2^86 



trace 
trace 
44-70 



•26 



100-46 



It must not be supposed that these analyses repre- 
sent the composition of all soils having the same 
general characteristics. They simply show the com- 
position of those soils which were specially examined. 
But whilst thus guarding the reader's mind from any 
such misapplication of these details, they serve to 
show the great variety of substances found in 
our soils ; whilst some soils are remarkable for an 
absence of certain bodies which are present in other 
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soils. It is by the aid of chemical analysis that the 
character of these constituents of our soils is deter- 
mined, as well as the proportions in which they exist. 
The analyses show the percentage of the several bodies 
existing in the samples of the soils examined. They 
represent the entire composition of these soils, inde- 
pendent of any consideration as to their utility for 
the support of vegetable life. These analyses must 
be held to their legitimate use, which is simply to 
indicate the substances present in these soUs, and 
is, therefore, altogether apart from the question of 
their being in an active or in a dormant condition. 

Whilst leaving any general description of these 
bodies to chemical works which deal fully with these 
subjects, some few supplementary observations may 
possibly be useful It will be noticed that the list 
of bodies found in soils is greater than those found 
in the primitive rocks > but we must bear in mind the 
fact that in addition to these rocks, the atmo- 
sphere and the sea became in course of time 
contributors to the soil, and in this they were 
assisted by the operations of animal and vegetable 
life. 

Of the substances present in soils Silica is one of 
the most common and most abundant. It is very 
important that the varying conditions in which it is 
found should be clearly distinguished. In quartz, 
flinty and sand, we have one form of silica ; but in 
this condition it has little, if any, agricultural value. 
It undoubtedly acts in a physical capacity, and gives 
mechanical support to the plant ; but as a source of 
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food it is practically valueless. In other soils we 
find the Silica in combination, and the alliance 
with Alumina represents the largest quantities of 
Silica found in soils in a combined condition. The 
Silicate of Alumina forms the great bulk of our 
clays, in fact some of our clays are very nearly pure 
silicate of alumina, and it is not uncommon for clays 
to contain 98 or 99 per cent of this compound. In 
both of these forms we have silica in an insoluble 
condition, and therefore not directly useful as food 
for the support of vegetable life. It is worthy of 
remark in passing, that these very pure clays are 
sometimes described as '' agricultural clays ; '' but 
this is an incorrect description, for however valuable 
they may be for other purposes, they are certainly 
unfit for the processes of cultivation. Such clays 
may be excellent for pottery purposes, or for making 
bricks, but they have no agricultural value, and 
should rather be called pottery clays than agri- 
cultural clays. It will be hereafter seen that these 
clays only become valuable for the production of 
crops when other materials are present which are 
essentially necessary for plant-growth. It is a very 
popular idea that silica is the chief requirement of 
the wheat plant, and therefore the presence of silica 
in the soil is the great object to be aimed at ; but 
for all practical purposes, unless the silica is present 
in a form in which it is available for plant- 
growth, its utility is simply of a mechanical char- 
acter, in giving a resting-place for the plant Refer- 
ence will hereafter be made to the Double Silicates 
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of Alumina, and these will be seen to have most 
important duties devolving upon them, not only for 
the preservation of valuable alkaline matters, but also 
for giving the growing plant its suppUes of siUca in a 
soluble form. 

Phosphoric Acid is, like silica, a weak acid at 
low temperatures, but when heated it becomes ex- 
ceedingly powerful. In the soH we have to deal with 
it under such conditions that it is exceedingly feeble 
in its action. It rarely constitutes more than -5 per 
cent of our richest soils, and many fertile soils con- 
tain much smaller supplies. Its value as a con- 
stituent of all good soils has long been recognised ; 
and as all our cultivated plants require a supply, 
a deficiency of this body is soon detected. It 
appears as if it were a provision of Nature, to enable 
our crops to be of proper feeding value in the 

support of animal life; for the plant makes as 
powerful a claim on the soil for Phosphoric Acid, as 
the animal does upon the crop for this material 
which it needs for the formation of bone. 

Organic Matter is found in all fertile soils, and 
has very important duties to perform. It is not 
that the organic matter necessarily makes the land 
fertile, for there are many soils which contain it in 
large quantities, but they are still unproductive. 
The presence of organic matter is only one of the 
conditions of fertility, and although its influence 
is very important, it is not of itself capable of making 
a soil productive. The organic matter may be re- 
moved from the soil by burning it, and it passes 
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away as a smoke intermixed with watery vapour. 
This burning of the soil is the usual means adopted 
for separating the organic and inorganic matters of 
the soil. If the soil had been dried and the quantity 
of water determined, the process of burning will 
generally cause a further loss which may be cal- 
culated upon as the organic matter of the soil. This 

consists of the remains of animal and vegetable 
growth, which have been added to the soil. 

The composition of these organic matters varies 
considerably, and they have very important duties to 
perform. It may be here stated that those organic 
matters which contain carbon, hydrogen, and oxygen 
(but no nitrogen), form a series of dark -coloured 
earthy bodies known as organic acids, and these 
have been formed into the following groups : — 
The Humic Acid group, in which carbon is com- 
bined with the elements of water. 
The Ulmic Acid group, in which carbon is com- 
bined with the elements of water and an 
excess of hydrogen. 
The Geic Acid group, in which carbon is com- 
bined with the elements of water and an 
excess of oxygen. 
It will be seen that these chiefly differ in being 
more or less fully oxydised, but the ultimate condi- 
tion to which they may attain is a conversion into 
carbonic acid and the elements of water. The de- 
composition of those organic bodies which contain 
Nitrogen very generally results in the production 
of Ammonia ; but in some cases the nitrogen takes 
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the form of Nitric Acid, the result being of course 
influenced by the conditions under which the decom- 
position takes place. 



CHAPTER XII. 

The practical value of the soil is also influenced 
by its physical properties, and one of the first of 
these conditions which arrests our attention is the 
variation in weight, or the comparative density 

of soils. 

lbs. 
Sand weighs when dry abont 110 per cnbic foot 
Loam ff ,, 95 „ 

Clay •„ „ 75 „ 

Peaty Soils „ „ 80 to 60 ,, 

Here we see the density increasing with the 
increase of sand, and we find the density de- 
creases with any addition of organic matter. 
As a general rule the greater the density of the soil, 
the less is the probability of the land being injured 
by treading — as for instance in feeding a crop on 
the field — ^by sheep. A distinction must be clearly 
remembered between this weight of the soil, and the 
meaning which is commonly attached to the terms 
heavy and light soils. Sands for instance are con- 
sidered light soils, and yet for a given bulk they 
weigh heavier than all others. Clays are called 
heavy soils, and yet for a given bulk they weigh 
light. The fact is the terms heavy and light, so 
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applied to soils, refer to the horse-power required 
to cultivate them, and do not describe their weig^ht. 
The amount of horse -power necessary to plough a 
clay soil is greater than is required for a sand, and 
it is consequently said to be heavier ploughing. This 
arises from the friction being greater by reason of 
the adhesion of the soil, which may generally be 
traced to the fineness of the particles of which it is 
composed. Sand is just the reverse ; there is a coarse- 
ness of texture and a gritty character, which has 
little tendency to hold together, or even to 
stick to any implement. An example of this is 
seen in comparing a plough which has been turning 
over a clay soil, with another which has been work- 
ing in a sand. The one has a mould-board, generally 
having some soil sticking to it, whilst the other is as 
bright as polished steel. 

The state of mechanical division observable in 
our soils, is well worthy of a careful consideration. 
Some soils, such as clays, are already in such a state 
of fine division, that we cannot expect to reduce 
the particles of these soils into a more minute condi- 
tion. The endeavour of the farmer is rather to 
separate these particles, and prevent their form- 
ing the dense and compact mass which' many of our 
soils present Nothing is more effective in this direc- 
tion than the introduction of organic matter into 
the soil. If, for instance, we compare the close and 
compact condition of some of our clay soils, with a 
good clover -ley grown on such land, we find the 
particles of soil separated, and held apart mechani- 
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cally, by the roots of the clover plant. The same 
separation is often attempted when chalk and similar 
applications are used upon the land. We shall have 
occasion hereafter to notice these agricultural processes 
more fully, but it is desirable to realise the fact 
that the fine state of division in which the earthy 
matter exists in our clay soils is very frequently 
in itself a source of difficulty. 

In like manner the mechanical condition of many 
of our sands gives an instance of a difficulty just of 
the opposite character. Here we often find what 
is really a collection of minute gritty stones, and in 
too many cases with little soft earthy matter inter- 
mixed with them. The difficulty is increased when 
this sand consists of fragments of quartz, and being 
tolerably pure silica, so that it necessitates other 
matters being added to the soil before it will be in a 
position to yield any food for plants, for the decom- 
position of such sand could not yield the necessary 
food. 

But between these two extremes we have a great 
variety of soils, which have an entirely diflFerent 
mechanical condition. In fact we find large stones, 
small stones, coarse grit, fine grit, earthy matter, 
existing in them in a regular gradation. Thus there 
is often a gradual change of form taking place, 
according to the tillage operations carried out; 
whereby the materials of the soil are steadily 
modifying their mechanical condition, and 
thereby coming more fully under the influence of 
chemical agencies. The presence of stony 
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matter in our soils must not — ^as a rule — ^be re- 
garded simply as an encumbrance. It exerts a 
mechanical influence upon the finer particles of the 
soil in the manner already stated, favouring the 
admission of air and moisture into the soil, increas- 
ing its friability of character, and in some cases 
acting as a shield from the sun's rays, at a time 
when moisture in the soil is of great value. Hence 
the wisdom shown by many farmers in cracking" 
stones, and leaving them on the land, instead of 
removing them. There are other considerations 
which demand attention, especially the relation of 
these matters to various chemical agencies ; but we 
are here dealing with the mechanical influences which 
are called into operation. 

The fine or coarse state of division in which 
the particles of the soil exist has another important 
influence, to which attention has already been directed. 
Such is the power exerted by the soil in bringing 
up a supply of water into the land to a greater 
height than the general water level. Most persons 
have noticed water being placed in the saucer in 
which a flower-pot may be standing, and they have 
seen that it has been drawn up into the soil in the 
pot. The natural tendency of the water was to 
remain at the low level, and hence in such cases it 
must be drawn up to a higher level by some other 
power. This power is largely dependent upon the 
mechanical division of the soil. It is known that if a 
fine glass tube be placed in water, we have the water 
adhering to the side of the tube by a surface attrac- 
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tion, and it rises above the level of the water in the 
glass. The smaller the tube the greater the height 
to which it rises, and this action is especially observ- 
able when the tubes are so fine as to be of a hair- 
like character. For this reason these tubes have 
been called capillary tubes, and the power by 
which the water is raised is known as capillary 
attraction. This power is possessed by soils very 
much in proportion to the fineness of the particles 
of which it is composed, for passages are formed 
between these particles of a larger or smaller size, 
according to the finer or coarser condition of the soil. 
The mechanical condition of the soil in this way 
very materially influences this supply of water to the 
growing crop, which is especially valuable in excess- 
ively hot weather. When the soil contains decaying 
vegetable matter, this also favours the capillary 
powers of the land. 

Closely connected with this power is the ability of 
the soil to hold water. It has been shown that 

Ibe. lbs. 

100 of sand commenced dropping when it had received 25 of water. 

100 of Loam „ „ „ 40 

100 of Clay Loam ,, „ „ 60 

100 of Clay „ „ „ 70 






Thus the power of holding water increases with 
an increase in the fineness of the particles of the 
soil. It thus corresponds very closely with the cap- 
illary powers of the soil, even if it be not due to the 
same influence. 
The power of absorbing moisture from the 
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atmosphere is possessed by soils in somewhat cor- 
responding proportions, thus : — 

lbs. Ibe. 

1000 of Sand in 12 honrs of the night gained 2 
1000 of Loam „ „ 21 

1000 of Clay Loam „ „ 25 

1000 of Clay „ „ 37 

So that in this respect also the power of absorbing 
moisture from the atmosphere steadily increases 
with the increasing fine condition of the particles 
of the soil. 

The possession of these powers naturally increases 
the productive character of land, somewhat in the 
proportion in which these powers operate, and it is 
curious to notice that there appears to be some con- 
nection between these mechanical conditions and the 
rental value of land. For instance — 

lbs. Ibe. 
1000 of Bagshot Soil, worth (say 48. or 5s.) per acre 

absorbed . . . • . 8 of water. 

1000 of Coarse Sand, „ 15s. „ 8 

1000 of Sandy SoU, „ 28s. „ 11 

1000 of Soil from Essex, „ 45s. ,, 13 

1000 of Fertile Soil from Somerset, ,, 16 

1000 of very Fertile Soil from E. Lothian „ 18 

But whilst we recognise this influence of the 
mechanical structure of the soil, as contributing 
towards its fertility, it is equally necessary to regard 
it as only one of the causes of fertility. It is 
probable that many peaty soils of low productive 
power possess each and all of these powers in a 
higher degree than any of the soils which were 
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experimented upon. That these powers are of great 
practical value, in their influence upon the productive 
powers of the soil, has been clearly established ; but 
we shall hereafter have occasion to show that a 
variety of circumstances contribute their respective 
shares to the work to be accomplished, and render it 
desirable that each and all of these agencies 
should be carefully taken into account. 



CHAPTER Xm. 

It is probable that a proper appreciation of the 
influence of the mechanical condition of the soil 
upon its productive powers, is one of the points of 
management in which a good farmer excels. 
As a matter of fact, it is equally important to take 
care that the soil shall be in such a state as will 
enable plants to search after their food, and to 
receive it in a healthy condition, as it is to provide 
that food. It has already been shown that fertilis- 
ing materials are not of necessity plant-food, because 
they may be present in an insoluble condition. But 
even after they have taken a form in which they are 
ready for the use of the plant, the mechanical 
condition of the soil often interferes with the 
efforts of the growing crop to secure its food. We 
have therefore not only to secure the presence of the 
materials necessary for plant-growth, and to have 
those materials in an available form, but we must 
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also take care that the mechanical condition of the 
soil is favourable for that food being utilised. 

The judgment and patience of the farmer are 
sometimes severely tested, in catching the land just 
in that condition which is desirable for securing suc- 
cessful growth. We often hear the remark made, that 
a farmer must thoroughly understand the natural 
character of the land he has to cultivate. This 
goes far beyond any question of its composition. 
A man may have a most accurate knowledge of the 
materials present in a soil ; he may also be able to 
state what plant-food the soil contains, but absolutely 
unable to show that tact and skill which are neces- 
sary to regulate the mechanical conditions of that 
land. There is much more involved in the manage- 
ment of the soil than appears to the superficial 
observer. It is in consequence of this familiar 
acquaintance with the temper, disposition, and 
character of the soil* that the farmer succeeds in 
his management, even when he is not informed upon 
the chemical constituents of his soil, nor is acquainted 
with the mysteries of plant-life. A knowledge of 
these scientific details will be most valuable if it be 
rightly used ; but if they are relied upon as some- 
thing which supersedes a knowledge of the practical 
management of the soil, to which reference has been 
made, then it becomes a snare and a delusion. 
On the other hand, if a combination be made of both 
classes of knowledge, great additional advantages are 
secured, and a higher and more economical success 
will probably be gained. The mechanical condition 
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of the soil has been too generally undervalued 
by some of those who advocate an acquaintance with 
Agricultural Science, and hence it is the more neces- 
sary to draw attention to the immense practical im- 
portance of the subject. 

Much of a farmer's success depends upon the 
character of the " seed-bed " which he secures for 
the crop he cultivates. With some soils far more 
care is necessary than with other soils ; in fact we 
find almost as much variation in dealing with 
different soils, as with different animals, or even 
with different individuals. For want of some better 
terms we speak of the temper, disposition, and char- 
acter of soils just as if these points of character were 
manifested by living animals ; but powers of a some- 
what corresponding character are manifested by soils, 
and a familiar acquaintance with the practice of 
agriculture shows that these powers must be con- 
sidered by the cultivator if he would secure success. 
The means whereby the desired conditions of the 
seed-bed may be secured will differ, but the necessary 
conditions to be provided are tolerably constant 

The germination of the seed necessitates the three 
well-known conditions of moisture, warmth, and air, 
but when we have to secure these in the soil the 
mechanical conditions of the soil have to be con- 
sidered. For securing germination in its healthiest 
form, the regular admission of moisture into 
the seed is a matter of the utmost importance. 
Special provision has been made for carrying this 
moisture into and throughout the seed, and we find 
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a series of irrigating channels used for this pur- 
pose. Thus, water supplied to the surface of the 
seed does not simply moisten the skin, and thus pene- 
trate more and more deeply into the seed, but under 
healthy conditions the water is carried through the 
seed by irrigating channels, and a more equal distri- 
bution takes place — consequently a more equal 
swelling of the seed. If the seed becomes 
" dirty " the entrances to these irrigating channels 
are largely closed up, and as a consequence an 
irregular distribution of moisture, resulting in an 
irregular germination. Here then we have mechani- 
cal conditions impeding germination. When this 
takes place in the soil we too often see the unfavour- 
able result without being able to trace out the acting 
cause ; but it is not so with the maltster, for in his 
case the changes are taking place above the surface. 
He therefore knows the full measure of inconvenience 
resulting from the use of " dirty barley." To avoid 
the seed being injured in this way farmers find it 
desirable to k-eep their seed clean, and they gener- 
ally regulate the time of sowing so as to secure the 
land in that mechanical condition which is most 
desirable for promoting germination. 

It is essential for healthy growth that a moderate 
supply of moisture should be continued, as a 
cessation in the supply results in the germination 
being stopped. This is well known as one of the 
results secured in the ordinary malting of barley ; but 
when this cessation of growth takes place in the soil, 
it is a matter of serious moment to the farmer. It 
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represents loss of seed, and a thinner plant ; hence, in 
the usual practice of the farm, there is a depth of 
soil secured as a covering for the seed, which shall 
assist in retaining^ the moisture which is in the 
soiL The depth of this cover of soil differs in our 
various soils, some farmers sowing more deeply than 
others, and as a rule this depth generally represents 
local requirements. The depth is also influenced 
by another requirement of the seed, namely, the 
supply of air. Thus whilst the farmer improves 
his supply of moisture by deep sowing, he, in a 
somewhat similar proportion, decreases his supply of 
air. He has therefore to make a compromise, 
and his local experience indicates with tolerable 
accuracy the medium line of safety. 

The growth of some aquatic seeds at first sight 
appears to be an exception to this rule, for if they 
make their growth beneath the surface of 'the water, 
it may be assumed that they do not require a supply 
of air. This is not so, for if their growth be at- 
tempted in water which has been thoroughly boiled, 
so as to drive off the air from it, a very marked 
difference is seen in the progress of germination. It 
would therefore appear that during germination some 
of the seeds of aquatic plants have the power of 
securing their necessary supplies, by separating air 
from tiie water around them. The floating sweet- 
water-grass (Glyceria fluUans) is a familiar instance 
amongst agricultural seeds. 
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CHAPTER XIV. 

The work progressing upon farms in the spring of 
the year naturally leads us to consider the seed-bed 
into which the seed is deposited, and the influence 
which such a seed-bed is likely to exert on the 
coming harvest. The proper condition of the seed- 
bed may therefore be regarded as of the greatest 
importance. Although this is so self-evident that no 
one would think of disputing the fact, it must still 
be admitted that we are too much in the habit of 
neglecting many of the conditions which are calcu- 
lated to promote the results we desire. We almost 
unconsciously drift into certain courses of procedure, 
without taking into consideration the objects in view. 
Custom and established usage prescribe a certain 
depth as being necessary: this quantity of earth 
is consequently turned over, and the natural conclu- 
sion is, that we have thereby provided a satisfactory 
seed-bed. We forget the fact that the roots of the 
plants we cultivate desire to strike more deeply into 
the land, and are by no means satisfied with the con- 
ventional four or five-inch seed-bed. As soon as 
the roots have struck well through the surface-soil, 
their roots endeavour to penetrate into deeper 
soil, but they often find an impassable barrier, prob- 
ably in the form of a plough-pan. This has been 
caused by the sole of the plough taking its accustomed 
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track, and gradually pressing the soil into a hard and 
compact bed. These plough-pans, in course of time, 
become so tough that the plough naturally glides 
above them, and simply renders them harder by each 
additional ploughing of the upper soil. In many 
cases we find that, from long- continued working, 
these plough-pans become almost as hard as rock, 
and constitute very formidable barriers against the 
progress of the roots. Thus the roots become con- 
fined within a small portion of the soil, and as their 
powers of searching for food are greatly limited, 
so also must the productive energies of the crop be 
limited also. The cultivator consequently suffers, 
by reason of a decreased supply of plant-food yield- 
ing a smaller crop than he ought to have obtained. 
In the preparation of the seed-beds for our 
crops, our first consideration should be to secure for 
the roots as large an area of feeding-ground as 
possible. If, after a farmer had taken a large field, he 
permitted a barrier to accumulate which prevented 
half of the surface being used, prudence would suggest 
the removal of the impediment. If, however, instead 
of doing so, the farmer, unconscious of the barrier, 
crowded the half of the land with the stock which 
would have done well upon the entire field, he would 
soon find that their growth and condition became 
unsatisfactory. To remove the barrier would be 
the common-sense remedy, and then he would profit 
by their enlarged feeding- ground. The frequent 
existence of these plough-pans in our^ soils is an 
equally unreasonable impediment to plant-growth. 
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and, consequently, to the more profitable cultivation 
of the soil. The impediment being '^ out of sight " 
does not lessen its power for checking the farmer's 
success, any more than if it were seen. Being out 
of sight, it is of course frequently " out of mind " 
also, for no one would allow a similar decrease of 
feeding-ground above the surface. As it is, the roots 
of the growing crop are to a great extent kept within 
the four or five inches of upper soil, and they draw 
upon the food present so severely that manure has 
to be largely supplied to enable a faur crop to be 
produced. To carry forward the simile already used, 
the stock being kept within half the field, would 
need a supply of food to maintain even a moderate 
progress. The perpetuation of this loss is only per- 
mitted because the barrier is out of sight 

This is an impediment to agricultural pros- 
perity for which we need no legal enactments ; it is 
a voluntary encumbrance which will be cast aside 
as soon as any farmer recognises the fact that it 
exists. Neither will he be content to adopt the 
expedient of making good the damage by a supply 
of manure. There are many and great advantages 
arising from the use of manure ; but when its use 
induces a person to neglect that thorough culti- 
vation of the soil which is desirable, then its assist- 
ance is sadly misapplied. The important services 
rendered by artificial supplies of fertility have rather 
induced farmers to place the mechanical condition 
of the soil in a secondary position. This is very 
undesirable, for all manures should take the position 
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of assistants to good cnltiTation, and never rank as 
substitutes. They are both parts of a good system ; 
each has its right and proper share of duty to per- 
form, and it is by their combined powers that the 
most successful results are to be secured. Tillage of 
the soil may for a time render the use of manure 
unnecessary, and the emplojrment of manure may 
help to cover up the necessity for perfect cultivation ; 
but we should rather encourage a co-operation of those 
agencies by which the most successful results may be 
obtained. Let each be well and judiciously made 
use of, and we shall find them valuable helpers in a 
good cause ; but they should never stand in the 
position of competitors for favour. 

Another and very serious disadvantage arising 
from the plough-pans, to which reference has been 
made, is the interference it causes with the passage 
of air through the soiL We know the importance 
of a supply of air for the support of animal'life ; and 
although in the case of plant-life the requirement is 
less uigent, it is none the less necessary, for the 
action of the air in the soil is of the greatest import- 
ance for promoting its fertility. 

Closely associated with this subject the very im- 
portant duty of ploughing the land before winter 
claims consideration. Simple as this work may 
appear to some, there are circumstances associated 
with this tillage which are too often overlooked. 
The autumn or early winter ploughing should be 
very thoroughly done, because it is the most import- 
ant opportunity we have for deepening the staple 
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of the soil, and for increasing the quantity of the 
soil on which the farmer has to work during the 
course of cropping, for which preparation has now to 
be commenced. An experienced farmer, whose soil 
may be too shallow to meet his views, and who 
knows that it rests upon a subsoil of a sour or un- 
healthy character, seizes this opportunity for bringing 
up some small portion of that subsoil. By the ex- 
posure of this bad soil on the surface many L great 
changes take place. It is by no means unconmion 
to see the surface, which by such ploughing is for a 
time rendered very variable in colour, resuming in 
the spring its usual appearance. We have seen some 
of these sour subsoils brought to the surface in this 
way, and in moderate proportions, which have 
rendered the field like a variegated carpet; and 
many a doubt has been expressed as to whether such 
a field has not been seriously and permanently in- 
jured. The exposure to wind, rain, and frost dur- 
ing the winter changes its appearance, and also renders 
it more capable for supporting vegetable growtL 

To the ordinary observer this goes far to remove 
the fears caused by the variation in colour first ob- 
served. Experience has trained the eye of many a 
farmer, to determine with great accuracy, how far 
colour is indicative of a fertile or a barren condition 
of soil. The chemist is able to explain the changes 
which have thus arisen, and thus we know that not 
only is there a change in colour and general appear- 
ance, but a change in the composition also. We not 
only find many a soft and sticky clay subsoil thereby 
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converted into land which looks free from all objec- 
tion, but reduced into a finely broken condition in 
every way favourable for the growth of seed. In 
this way many a farmer is able to increase the 
quantity of soil upon any given space of land, and 
he thus secures more raw material at his command 
for manufacture into meat or com, without 

any increase of rent, rates, or taxes. This mode of 
increasing the soil is greatly favoured by previously 
moving the sub-soil, so as to allow the drains to 
draw water and atmospheric air through it. This 
really commences the exposure to the air and rain, 
so that when it is brought to the surface much of the 
change has already been accomplished. 



CHAPTER XV. 

It is an old saying that ^ what is worth doing, is 
worth doing well," and it is probable that this is 
as true in its application to the cultivation of the soil 
as it is in any case which can be selected. Half 
measures are very generally unsatisfactory, but espe- 
cially in the case of agricultural operations. The 
cultivation of the soil by spade husbandry has 
long been known to yield a largely increased 
production. There are, of course, many reasons 
against the general cultivation of the soil by means 
of spade labour, but the lessons we learn from its 
success are very valuable. As a matter of fact, one 
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great cause of this success is the thoroughly com- 
plete character of the work which is accomplished, 
and thereby more effective cultivation is attainable. 
Here, then, we have the model from which we may 
copy, and this result we should endeavour to attain, 
by those means which are within the command of the 
farmer. 

The condition of the soil attainable by spade 
culture differs from that usually arising from ordi- 
nary tillage operations in two respects — ^viz. in the 
depth of the work and in the more perfect division 
of the soil. Both of these have important influences 
upon the productive powers of the land. The in- 
crease of depth gives a larger command of feeding 
space, and consequently gives increased opportuni- 
ties for deriving that nourishment which is essential 
for growth. The more complete the division of the 
soil, the more easily will the roots penetrate through- 
out the land, and thereby the increased supplies 
of food are more easily made use of by the growing 
crop. The increased produce obtainable by the more 
perfect tillage of the land admits,(therefore, of a clear 
and distinct explanation, even if we simply observe 
these two variations in its mechanical condition. 

It may be said that the opportunities for spade 
cultivation are far too limited to be of any great 
service to persons farming under ordinary circum- 
stances. This may be allowed to pass with the 
remark, that we may still strive to secure equally good 
results by such means as are within the farmer's 
command. If we admit that the two advantages 
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named — ^the greater extent of feeding-ground for the 
crop, and the easier search for plant-food — are desir- 
able, we shall not long delay doing the best we can 
to secure these, so far as our opportunities permit. 

It is scarcely reasonable to expect that with exist- 
ing appliances we can equal the efficiency of the spade 
by means of our ordinary farm implements. These, 
however, carry us far towards this desirable end, 
provided they are folly and properly used. Steam 
cultivation is a very valuable agency in this direc- 
tion, and when made proper use of in the autumn of 
the year, it certainly goes far towards giving the land 
that tliorough working which the spade accom- 
plishes. The deep furrow which is thus broken 
up leaves little to be desired, provided some arrange- 
ment be made for stirring the Sub-soiL The suc- 
cess of spade cultivation is always secured in the 
greatest perfection when due care has been taken — 
by means of double trenching or otherwise — ^to render 
the sub-soil free and pervious for water and the roots 
of plants. Of late years the working of the sub- 
soil has been greatly overlooked, and it has rarely 
received the care and attention it merits. The most 
gratifying instances of a successful conflict with the 
difficulties of the last two or three wet seasons have 
been associated with proper care in the treatment of 
the sub-soil in addition to the surface soil. The 
depth and completeness of the work have greatly 
contributed to the successful growth of crops during 
these bad seasons, and although these helps alone are 
not sufficient to compensate for a want of warmth 
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and the direct action of the sun in perfecting our 
crops, still the produce has been materially improved 
by the good condition of the sub-soiL 

The lands which have thus been thoroughly and 
deeply cultivated, we may be well assured, had pre- 
viously been well under- drained, and thus a free 
passage for the water has been maintained through 
the soiL The drainage arrangements, however good 
they may have been in themselves, have needed a 
good preparation of the surface soil, and [also a free 
condition of the sub-soil, to enable them to do their 
work under the wet and trying seasons we have lately 
had. Where the land has been properly drained, 
and the cultivation of the soil imperfectly carried out, 
there has been, in too many cases, a failure in the 
crops, thus showing very clearly the great importance 
of a thoroughly effective cultivation of the soil. If 
the land requires drainag^e, this must be provided 
for in the first instance, but it must be supple- 
mented by good tillage operations to enable it to 
do its work to the greatest advantage ; and the more 
thoroughly the mechanical condition of the soil is 
prepared for plant-growth by an effective system of 
cultivation, the better are the prospects of success. 

There are many inducements for adopting mea- 
sures to deepen the soil. Accompanied, as no doubt 
it would be, by a thoroughly good tillage of the soil, 
the produce of the land may be as surely increased 
as by the cultivation of a greater area. The most 
successful instances of farming, under the late de« 
pressed condition of agriculture, are just those cases 
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in which, by a thoroughly good course of tillage, the 
produce of two acres has thus been obtained from one 
acre. In this way the rent, rates, and taxes of one 
acre become chargeable against the produce, instead 
of having double the amount of these charges by the 
less-perfect tillage of the two acrea The evidence 
of successful practice is strongly in favour of doing 
what is to be done in a thorough and effective 
manner. An increased supply of plant-food we see 
can be obtained by two distinct means, viz. by 
taking a greater breadth of land, or by more 
perfectly working a lesser area. If on the latter 
there should be an increase of the horse and manual 
labour employed, the results are rendered more satis- 
factory because the produce has to bear a smaller 
amount of charges in other respects. One of the 
foundation-stones upon which a thorough tillage of 
the soil must rest is a properly-conducted autumn 
cultivation. A satisfactory cleaning of land, and the 
judicious deepening of the soil before winter — these 
will greatly favour an increased production from our 
farms, and assist in rendering their management more 
economical and decidedly more satisfactory. 



CHAPTER XVI. 

Tele mechanical condition of the soil continues to 
exert its influence throughout the whole period of 
the plant's life. It is, no doubt, most powerful dur- 

G 
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ing the time of germination, but we can never disre- 
gard its action without serious loss. No sooner has 
the seed made a certain growth than the roots begin 
to establish themselves in the soil, so as to be pre- 
pared for duty when the supply of food in the seed 
is becoming exhausted. Here again two opposing 
conditions are required — namely, a freedom for the 
extension of the roots in the soil, coupled with the 
firmness which is necessary for plant growth. 
Variations in soils necessitate different courses of 
procedure, but the successful cultivator endeavours 
to secure that combination which is most desirable 
for his land. Those crops which are found to be the 
best preparation for other crops are often thus em- 
ployed. For instance, on some soils vetches and 
rape are found to leave the land in the best condi- 
tion for the growth of wheat ; on others the clover 
ley gives a firmer bed for the wheat. These prepara- 
tory crops are only referred to, so far as regards their 
mechanical influences, and entirely apart from all 
question of composition and plant-food. 

The tillage operations are often modified for 
the purpose of securing a better mechanical condi- 
tion. Thus we have some lands which are secured 
in their best condition for wheat by pressing the land 
immediately after the furrow slice has been turned by 
the plough, and by sowing the seed wheat at the same 
time, on the land so compressed. In this way many 
treacherous soils are caught in their best condition. 
It would be impossible to detail the numberless small 
ranations which have to be made to contend with 
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difficulties arising irom the mechanical condition of 
the soil, but a most important lesson will have 
been learnt, if this mechanical condition be looked 
upon as contributing a very important influence 
towards the general result. It is a fatal error to 
look upon the chemical composition of the soil as 
of itself indicating the productive powers of land. 
Such knowledge is of a very great value if it be 
rightly used, but it only represents one portion of 
the evidence by which the farmer should be guided 
in his decisions. 

In the preparation of land for seed, regard must 
be had to the size of the seed, and the depths 
beyond which they cease to germinate with safety. 
As a rule, the smaller the seed the less open the 
surface should be. If a case of shot were emptied on 
a pile of cannon balls it is clear that the shot would 
run from ball to ball, and pass down to a consider- 
able depth. When proper care is not taken to have 
the land in suitable condition, the same thing hap- 
pens in sowing the smaller farm seeds. Hence it 
will be found that many local practices hereby receive 
their explanation and complete justification. 

Two very Opposite practices are observed in 
reference to the seed-bed for swedes or turnips, which 
demand a notice in passing. On some lands we find 
the tillage completed two or three weeks before the 
seed is sown, the lapse of time being desired so that 
the moisture may rise up from beneath. It is a 
system which is especially designed for preserving 
moisture in the seed-bed, so that when the seed i& 
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sown there shall be an immediate germination. In 
the other cases we have exactly the opposite policy 
adopted. Here the land is encouraged to become 
thoroughly dry, and, so far from any attempt to 
prevent its exposure to the sun and air, every oppor- 
tunity is sought for the tillage operations to assist in 
making the land not only fine, but dry. The 
seed, when sown in such a dry seed-bed, remains 

without any commencement of germination 

until heavy rain has fallen, and then the growth is so 
rapid that it rushes into rough leaf with great speed. 
The danger in the former case is that gjowth having 
been commenced by means of the moisture so care- 
fully preserved in the soil, if rain should be long 
delayed the plant may perish before the needed 
supply of water is received. The peculiar character 
of the weather during recent years has been so excep- 
tional that these cases have rarely arisen, but when we 
have a return of dry seasons the same difficulties will 
be revived. 

We have in the French clover {Trifolium incar- 
natvm) very exceptional mechanical conditions 
required. In this case the free and open condition 
of the soil is a distinct disadvantage, and the most 
successful cultivation has been that which secured a 
hard and firm seed-bed— rolling the land after 
the seed has been sown being preferable even to a 
light harrowing. 

A farmer is not always ready to justify his prac- 
tice and give his reasons for doing what he knows 
^ be most desirable for the soil of his farm, but the 
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intelligent student will endeavour to seek out the 
germ of truth embodied in the successful practice 
of the farmer, and, whilst learning a lesson in refer- 
ence to the management of the land, he will endeavour 
to determine the cause of success. 



CHAPTER XVIL 

Plants can only make gjowth when they have a 
proper supply of the materials they need for building 
up their various parts. They have no means for 
maintaining growth, except by making use of the 
food they receiva We very generally recognise the 
fact that animals require proper food for promoting 
their health and increasing their growth, but we do 
not as generally remember that plants have an equal 
necessity for suitable food. We supply animals 
with their food in many cases, and in other instances 
we see the supplies on which they subsist. The 
circumstances are not favourable for seeing 
plants taking in their food. They are fixed in the 
soil, and their search for food is carried on under 
circumstances and conditions which are to a very great 
extent beyond our observation. If we could see the 
changes going on in the soil we should be very little 
wiser, for we should only observe minute supplies of 
water passing into the roots of the plant. K we 
could watch the leaves perfectly, we might find these 
breathing in and throwing off gaseous matter, in a 
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manner somewhat similar to animals, although that 
gaseous matter (or, familiarly speaking, air) would 
not be of the same composition in the two cases. The 
food of plants, however, is received by them under 
circumstances which are greatly beyond our ordinary 
observation. Scientific research has unveiled these 
hidden and invisible proceedings, consequently we 
have a tolerably complete knowledge of the manner 
m which plants receive their food, and what 
materials they use for building up their several 
parts. 

A person may have a very ingenious apparatus 
placed in his hands, so carefully enclosed by an 
external covering that he is quite at a loss to form 
any opinion as to the internal arrangements or the 
materials of which it is constructed. When the 
apparatus is taken to pieces and examined, he may 
then discover what materials were employed in its 
construction. By means of chemical analjrsis 
this has been done with all our cultivated plants, 
and thus we know what are the materials of 
which they are built up. We find that a great 
variety of substances have been so used, and we also 
observe a certain regularity in the substances which 
are selected for the work to be done. In determin- 
ing the composition of plants chemists have found it 
convenient to separate these materials into two dis- 
tinct groups. The one group consists of those bodies 
— organic matters — which pass oflF in vapour and 
smoke when the plant is burnt, and the other group 
consists of those bodies which remain as the ash. 
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Thus we have what are known as ** the ashes of 
plants/' and these represent the mineral matter 
which such plants contained. This mineral matter 
may be regarded as having given strength and rigidity 
to the plant during life, enabling its soft and fleshy 
organs the better to discharge their functions. Thus 
the structure of the plant consisted of two classes of 
l)odies — ^the soft matter forming the various organs 
of the body, and hence known as organic matter, 
and the mineral substances which gave them strength, 
which are sometimes also spoken of as inorganic 
matter, or the ash of the plant Both are as essential 
for a healthy plant, as the skeleton and its fleshy 
coverings are necessary for the body of an animal 

The various materials which are found in the per- 
fect plant have necessarily been supplied to that 
plant in its food ; hence we get a very distinct guid- 
ance in determining what is necessary as food, if we 
take note of the materials which have been made 
use of for the construction of the fully grown plant. 
The question very naturally arises as to the sub- 
stances which are so employed, because the plant 
must have received all of them by means of its food. 
Those substances which are found in the ash — or the 
inorganic matters — of plants, may first receive a 
passing notice, and they consist of — 



Silica. 


Lime. 


Phosphoric Acid. 


Potash. 


Carbonic Acid. 


Soda. 


Sulphuric Acid. 


Magnesia. 


Chlorine. 


Iron Oxides. 
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These are almost always found in the ash of plants, 
and they certainly tend to show that plant-food is a 
somewhat complicated mixture. In addition to these 
we find in plants a large number of organic com- 
pounds built up from four other bodies, in a great 
variety of forms and proportions. These may be gen- 
erally described as consisting of three gaseous bodies 
— oxygen, nitrogen, and hydrogen — and one solid 
substance — carbon. 

It may appear undesirable to introduce the names 
of so many substances, but if plants will only be 
satisfied with a long " bill of fare," which shows a 
great variety of necessary supplies, the credit for this 
large number of materials must be given to the feed- 
ers, and not to the reporters who simply describe the 
banquet. The form in which these substances are 
received by plants is almost as surprising as the 
great variety of materials used as food. No solid 
matter is received by plants, hence their food enters 
either as an invisible gas (or air), or in a bright and 
colourless watery solution. It is very important that 
this should be distinctly remembered, for it has con- 
siderable influence upon the practical measures which 
isire adopted for the successful growth of our crops. 

Some exceedingly interesting experiments have 
been carried out for supplying plants with food, 
specially prepared and dissolved in water. The 
seed having been sprouted or germinated in very 
clean quartz sand, the young plant is then removed 
from the sand, washed in clean water, and afterwards 
placed over some clean water in a bottle, being 
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gently fixed there by means of a cork with a hole 
cut in it. For a few days the roots of the young 
plant are allowed to rest quietly in the water, but 
when the first green leaf appears then food may be 
given. It will be evident that in this way there is 
an unlimited opportunity for supplying more or less 
of any kind of food, and then observing the influence 
produced upon the young plant. The most import- 
ant point has been to supply all the requirements 
of the juvenile, and to do so in an agreeable form, 
consistent with its healthy growth. So successfully 
has this been accomplished that we may fairly anti- 
cipate the time when plant-food will be more gener- 
ally prepared in pure and delicate form, and suited 
to the weakest digestions. 



CHAPTER XVITL 

As some may be desirous of preparing plant-food, 
and carefully cultivating some specimens, it may be 
desirable to describe the best course of procedure. 
A wide-mouth bottle, or even a glass cylinder, cap- 
able of holding from one to two quarts of water may 
be selected for the purpose. It must be fitted with 
a cork, and a hole made in the centre about half an 
inch in diameter. It is often found convenient for 
the removal of a largely developed plant to have an 
opening cut from the circumference of the cork to 
the hole in the centre. The plant can thus be easily 
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placed in the centre of the cork or glided out from 
it. The next thing to be secured is darkness with- 
in the bottle, and for this purpose the bottle should 
be coated with stout paper, and the neck should be 
covered with a solution of black sealing-wax dis- 
solved in spirit. Thus we secure darkness within the 

banquet hall, for plants feed through their roots 
best in the dark ; and under these conditions 
there is less chance of any green fungoid growth 
taking place within the bottle. 

We have now to see to the preparation of the 
plantrfood, and there is an almost endless variety of 
banquets which may be supplied. The following one 
has been selected as suitable for the purpose, and it 
is a form which has been successfully used by Pro- 
fessor Wolff. Finely powdered burnt bone (300 
grains) is placed in a glass flask with water (half 
pint), and to these nitric acid is cautiously added 
so as to dissolve the bone, the flask being gently 
heated. After this has been done a solution of car- 
bonate of potash is added to the hot liquor until it 
becomes slightly turbid. This represents the only 
troublesome portion of the cooking arrangements, for 
it now only needs the three following bodies to be 
added — nitrate of potash (170 grains), crystallised 
sulphate of magnesia (107 grains), and chloride of 
potassium (46 grains), with water sufficient to make 
it up to a quart. We have thus prepared a very 
large supply of plant-food j for, although in its con- 
centrated condition it only represents a quart, it will 
really give about ten gallons when properly diluted. 
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It is therefore by no means necessary to hare fresh 
supplies frequently prepared. When we are going to 
use this food for plants we take about two table- 
spoonfuls and add it to a quart of distiUed water, and 
mix in with it one drop of a strong solution of per- 
chloride of iron. This weak and delicate liquid now 
represents a very valuable plant-food, and in this 
condition it is ready for use. 

The seed having been grown as already described, 
the young plant is washed, and then suspended in 
the hole of the cork (by the aid of cotton wool or 
soft pith, etc. etc.), with its roots reaching down into 
the water and its leaves in the air. Up to the 
time of any green leaf being visible clean water 
only is supplied in the bottle, but on the appear- 
ance of the green leaf the cork and plant are 
removed from the bottle, the water is poured away, 
and the bottle is refilled with the properly diluted 
food 

When the growth of the plant is slow there need 
not be any fresh supply of food for fully fourteen days, 
but in hot weather, when the growth is active, it is 
necessary to give fresh supplies every seven days. 
On these occasions the bottle is emptied, and an 
entirely fresh supply of the diluted food is given. 
The experiments which have been carried out, go far 
to prove that plants take their supplies in a very 
dilute form, and yet these minute quantities are 
really necessary. Take, for example, the one drop 
of iron solution added to a quart of water (or about 
1 to 20,000), and yet this homoeopathic supply was 
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absolutely necessary. It has been found (by Wolff) 
that when this iron was omitted the young plant 
was yellow and sickly, but it quickly became green, 

and assumed a luxuriant growth when this 
minute quantity of iron solution was added. 

In the preparation of these watery solutions it is 
necessary to use distilled water, if any accurate 
lessons are to be drawn £rom the experiments, for all 
natural supplies of water are more or less charged 
with the materials which plants require as food. 
Spring waters are often sufficiently charged with 
the substances they have dissolved in their passage 
through rocks and soils, so as to be capable of main- 
taining the growth of plants without any additions 
being made to them. Rain water also is always 
more or less impregnated with matters taken from 
the air as it falls, so that it cannot be considered 
pure. The general lessons which we may learn from 
these facts are, that plants take in their mineral 

food in excessively dilute condition and in a 

beautifully bright and clear form, but if they do 
not receive all the materials they require they 
soon show that they have some want, by presenting 
a sickly and enfeebled appearance, which ere long 
results in a cessation of growth, and finally in 
death. 

Some experiments which have been carried out in 
th«8e systems of water culture, have led to the con- 
clusion that silica is not always necessary, but it is 
more than probable that all those bodies which are 
constantly found in plants when so much more 
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naturally cnltivated upon fertile soils, and which 
are consequently produced there in the highest 

perfection, that all the substances they contain 
are desirable for these plants. Experiments, such as 
those above referred to, have great value, provided 
we draw from them sound and useful information ; 
but when they give indications which appear to be 
inconsistent with the known conditions arising from 
luxuriant growth under natural circumstances, 
then these indications demand great caution ere 
they are allowed to set aside the evidences arising 
from practical work Without entering into unneces- 
sary detail, it will be a safer course to accept the 
constant presence. of substances found in the 
largest and best crops of any cultivated plant as 
a tolerably sure indication that those substances are 
desirable for perfect g^rowth. It has been 
proved in the case of many of these substances 
that they are absolutely necessary, and it is 
probable that equally convincing proofs may yet be 
forthcoming for the entire series. As a matter of 
prudence the farmer must regard a complete 
supply as being necessary, and make provision 
accordingly. 

The right and proper use of the valuable researches 
which have been made in the growth of plants by the 
aid of these solutions of plant-food in water, gives 
much information which may be made valuable to 
the cultivator of the soil. The clean and delicate 
character of the food received by plants — the bright 
and transparent stream of water which conveys 
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the food into the plant — ^indicate some great changes 
taking place in the soil when, for example, farm-yard 
manure has been used upon the land. The most 
oiTensive materials are often used as manure, and 
are rightly so employed ; but the plant does not feed 
upon them until, by changes carried out in the 
soil, they are passed into the circulation in a con- 
dition as bright, clean, and brilliant as the water 
which sparkles in the goblets on our own dining- 
tables. 



CHAPTEE XIX. 

The ordinary use of various offensive matters as 
manure for the land, and therefore as a means of 
supplying plant -food, has very naturally ^ encour- 
aged the popular idea that the substances upon which 
our crops feed, correspond in some degree with the 
offensive character of the original supplies. It is 
consequently by no means a generally recognised fact, 
that plants receive their food in a bright and delicate 
condition. Many an animal kept upon our farms 
drinks water far more charged with oflFensive matter 
than that in which plants receive their food. It may 
be well, therefore, to trace the changes which 
take place in the soil, and by which the most 
offensive decomposing masses yield to the plant a 
pure supply of food. 

It is a matter of common observation and know- 

ledge^ that the soil is a great purifier and de- 
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odoriser of offensive matter. This property 

differs in soils, for some of them act more promptly 
and more perfectly than others. The double 
silicates are probably the most powerful con- 
stituents in our soils, for absorbing with avidity any 
gaseous substances passing off from decomposing 
animal matter. Cases are known in which the ap- 
plication of soil to wounds on the body has very 
perfectly cleansed such wounds, more especially in 
hot climates. The soils which have been so em- 
ployed are those cla]rs in which the double silicates 
are foimd, and we may fairly anticipate the time 
when the prepared double siUcates will be used for 
such purposes, instead of the bulky soil in which 
they may be present One of the first changes which 
decaying manure undergoes in the soil is a complete 
purification, by the absorption of these offensive 
matters into the soil, whereby new combinations 
are produced in the soil, free from the objectionable 
character which distinguished that decaying animal 
matter before intermixture with the soil. Decay 
undoubtedly continues within the soil, but the con- 
stituents of the soil arrest the products of decomposi- 
tion as soon as they are set free, and thus no offensive 
results arise. 

Thus we have a purification taking place in the 
soU, new combinations being formed, and the rankest 
masses of putrefactive matter are resolved into pure 
and wholesome plant-food. But the plant is also pro- 
vided with its own protective arrangements, which 
are especially valuable when the soil discharges its 
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duties in an imperfect manner, for, as it has been 
already noticed, soils differ in their powers of 
purification. The passage of water into the circula- 
tion of the growing plant, is accomplished by one of 
the most beautiful arrangements conceivable. The 
roots are generally looked upon as the channels by 
which the supply of water, carrying the plantrfood, 
is brought into the plant. If, however, we would 
realise the nature of the inlets, we must examine the 
root by the aid of the microscope, for then we are 
able to detect that which the unassisted eye fails to 
observe. We see that the more advanced portions 
of the roots are covered with an immense number 
of beautifully fine hairs, and it is through these 
minute filters that the plant secures its purified 
supplies of food. 

It is by these means that all the mineral matters 
found in plants are carried in after being dissolved 
in water. In addition to these mineral matters some 
of the nitrogen and carbon present in the soil also 
gain admission with the water; and as the water 
supplies hydrogen and oxygen, it is clear that plants 
can thus receive from the soil some portion of the 
materials whereby the organic structure of the plant 
may be built up. It is, however, evident that the 
plant-food drawn from the soil represents the 
only available source for the mineral matter 

required by vegetation, for the simple reason that 
there is no other source of supply. It is quite different 
with those materials which are used for the formation 
of the organic portions of the plant: these are 



r 
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partially supplied by the soil, whilst another 
portion of the demand is made upon the atmo- 
sphere. 

The duties which devolve upon the leaf are very 
important, whether we regard them in reference to 
plant-growth, or their influence upon the atmosphere 
in which they exist. It may be remarked in passing, 
that by the respiration of animals, by combustion, 
and by decay, we have carbonic acid thrown 
into the atmosphere in exchange for oxygen, 
and by such an alteration in its composition the air 
becomes less suitable for animal life. The action of 
vegetation is a natural corrective, for the plant 
breathes in carbonic acid, retains the carbon for 
aiding its growth and development, and pours out 
in exchange a supply of oxygen. This feeding upon 
invisible matters in the atmosphere is carried out by 
the leaves of vegetation, and these organs may be 
looked upon as bringing from the air some of the 
plant-food existing there, just as by the roots other 
supplies are drawn from the soil. The under side 
of the leaves of our cultivated plants will be found 
covered with myriads of minute openings, known as 
" breathing pores " or stomata, and these are so 
abundant that a square inch will generally contain at 
least 1000 of them. The duty which devolves upon 
these breathing pores is to bring a supply of air 
within the cells in the leaf ; and under the influence 
of vegetable life, aided by the light of day, the 
carbonic acid is robbed of its carbon, and pure 
oxygen is thrown off into the air. In the 

H 
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absence of light this action is temporarily suspended, 
and slightly reversed. 

By means of these breathing pores, not only car- 
bonic acid, but other gaseous substances which are 
present in the atmosphere, may be introduced into the 
plant. Hence we find the leaves throwing off large 
quantities of moisture in addition to the oxygen, and 
in the exchange supplying the plant largely with 
materials for growth. Thus we have two distinct 
agencies whereby plant-food is received, each 

discharging different functions, and each remarkable 
for their very minute formation, — the millions of 
little filters through which the water passes from the 
soil, charged with its dissolved gaseous and mineral 
matter as food for the plant; — ^whilst myriads of 
equally minute organs are aiding the distribution 
and use of the nourishment, by exhaling moisture 
from the leaves, and helping to perfect the conditions 
of vegetable growth. The agency by which plants 
receive their food is singularly beautiful and com- 
plete, and in every way well adapted for making the 
best use of any nourishment which may be supplied, 
whilst at the same time exercising a guardian care 
over its admission to the plant. If such be the 
characters of these very trusty " gatekeepers," which 
guard the precincts of the region of vegetable growth, 
well may we long to know more of the mysterious 
changes which take place within the plant, where 
plant-food becomes endowed with the attributes of 
life, as it becomes more and more perfectly trans- 
formed into a living organism. 
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PAET THE SECOND. 

^44 

CHAPTER XX. 

The fertility of any soil is shown by the successful 
growth of those crops which are suitable for the 
climate of the district in which such a soil may be 
situated. The climate and management of the land 
being favourable, the growth of our cultivated crops 
give distinct evidence as to the productive powers of 
a soil. All three conditions are necessary for luxu- 
riant growth. If the climate and the course of tillage 
operations are unfavourable, the fertility of the soil 
is not enough to securp the production of large and 
remunerative crops. On the other hand, a favourable 
climate and good husbandry, cannot make a soil fertile 
which does not contain the necessary plant-food. In 
speaking, therefore, of the influence of plant-food 
on the productive powers of a soil, it must be re- 
garded as one essential condition of a threefold 
alliance. First, we require the necessary supply 
of plant-food, which may be shown by a knowledge 
of the chemical composition of the soil Secondly, 
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we require good tillage operationSy which shall 
secure the proper mechanical condition of the soil, 
which must be rightly made use of by a man possess- 
ing farm experience. Thirdly, we require favour- 
able conditions of climate. These constitute a 
threefold alliance, and for the successful cultivation 
of the soil each of them must contribute its share to 
the desired success. Hence a proper supply of plant- 
food is absolutely necessary, but this alone will not 
secure successful results. 

Under a judicious course of farm management the 
plant-food in a soil will receive careful consideration 
on the part of the farmer ; for unless the crop can 
obtain the materials it requires for a full and luxu- 
riant growth, the produce must be limited by 
any deficiency in the supply. The requirements 
of the crop must of necessity embody a supply of all 
the materials which are contained in a luxuriant 
yield of that crop. In this respect the productions 
of vegetable life in a great measure correspond with 
the structures built by the skill of man ; the materials 
existing in the completed work show the smallest 
quantities needed for the prosecution of the work. 
These at least are necessary. Hence it is that the 
mineral constituents found in the ashes of a plant, 
show the minimum requirements of this descrip- 
tion of food. We have no such definite g^uidance 
in the demands made by plants for the building up 
of the organic portions of their structure. It is 
true that by analysis we can estimate with some 
degree of accuracy the quantities of carbon, hydrogen. 



\ 
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oxygeD, and nitrogen they contain, but we cannot 
guide our proceedings by these data. So far as 
regards the three first -named substances, these are 
abundantly supplied from natural sources. The 
carbonic acid present in the air enables the leaves 
of plants to draw from the atmosphere abundant 
supplies of carbon ; but there are other duties to be 
discharged in the vegetable economy which render a 
supply of carbonic acid necessary in the soil. The 
supplies of hydrogen and oxygen need Uttle special 
care, for the water (which is composed of these two 
gases) entering into the plant becomes largely decom- 
posed, and yields both of these gases. In the case 
of nitrog^en the circumstances are altogether dif- 
ferent, and its judicious supply is a subject which 
demands the greatest care, and will be again 
referred to. For the moment we may, therefore, 
consider that we have especially to secure in the 
plant-food of any crop — ^first, the mineral matter 
built up in a good yield of that particular plant ; and 
secondly, the necessary supply of nitrogen. In the 
following table a statement is given showing what 
. mineral matters moderate crops of wheat, beans, 
turnips, and clover contain. It may be fairly 
assumed that still larger crops will make proportion- 
ately larger accumulations of these mineral matters, 
but this admits of ready calculation according to the 
circumstances of each case. 
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Inorganic Matter in Crops. 





Wheat 


Beans. 


Turnips. 


CI 


25 Bushls 


8000 lbs. 


25 Bushls 


2800 lbs. 


20 Tons 


6 Tons 


2 




Com. 


Straw. 


Com. 


Straw. 


Bulbs. 


Tops. 


I 




lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


lbs. 


1 


Potash 


7-49 


18^21 


22-63 


89-17 


125-73 


75-95 




Soda . 


•97 


•90 


6-68 


2-69 


22-98 


16-23 




Magnesia . 


3-07 


4^11 


6-03 


11-24 


12-27 


9-27 




Lime 


•85 


9-34 


3-63 


33-58 


37-87 


69^81 


1 


Phosphoric Acid 
Sulphuric Acid . 


11-47 


8-15 


23 ^67 


12-16 


31-11 


27^87 


1 


•08 


5^82 


•61 


1-83 


42-26 


36 ^66 




Silica 


•84 


101-82 


•72 


11-84 


11-66 


2^58 




Peroxide of Iron 


•20 


1^82 


•35 


• • • 


3-71 


2^58 




Common Salt . 


•03 


•33 


•90 


7 15 


28-69 


38-15 




Carbonic Acid . 


• • • 


« • > 


> • • 


• • • 


21-71 


21-0 


■ 


25 • 


150. 


63 • 


168 • 


340- 


300- 


2 



The plant-food necessary for these crops, it will be 
seen from the above, includes a large number of 
different bodieSi and the quantities used of each 
of these substances varies considerably. The question 
has arisen in the minds of some whether these bodies 
are all required, or whether any of them can be re- 
placed by others in the group. It may be safely 
stated that for securing a luxuriant growth, 
each and all of these bodies are necessary. 
Substitution undoubtedly takes place within certain 
narrow limits, but the action of such deputies is 
inconsistent with a full maintenance, either of an 
abundant yield, constitutional strength, or repro- 
ductive power. For all practical purposes any sub- 
stitution of one kind of plant-food for another, 
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should be regarded as involying an unnecessary 
risk of successful results. Some very interesting 
experiments have been reported, which were carried 
out by Mr. Thomas Jamieson, for the Aberdeenshire 
Farmers' Association, and these experiments are well 
worthy of notice. The course of procedure may be 
briefly stated as follows: — Some sand, which had 
been very fully cleared of fertilising matter, was 
used as a soil for the growth of some turnips. In 
one case all the ingredients necessary for the 
growth of the plant were added by means of a 
suitable artificial manure, and a perfect develop- 
ment took place. In a second instance the ex- 
hausted sand received a supply of the same manure, 
except that the phosphoric acid was in this case 
entirely omitted. The result was that after a short 
growth, and a struggle for life, the plant died. 
In the third trial all the materials were added except 
the lime, and in this case also the plant failed to 
make more than a feeble growth, and soon died. 
In the fourth trial the potash was omitted, but 
the plant continued to struggle slowly on, and did 
not die as quickly as the others. On an ex- 
amination of the sand, it was found that the plant 
had received a smaU quantity of potash by the 
decomposition of the sand, and these insufficient 
supplies protracted the life of the plant, but 
failed to enable a perfect growth to be attained. 
The lessons taught by these simple but very in- 
teresting experiments, tend to show the importance 
of plant-food being perfect and complete. Tlie 
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addition of a very minute quantity of iron to the 
plant -food has abeady been mentioned as being 
capable of materially altering the character of that 
food. Plants which had previously made only a 
sickly growth, because of the absence of iron, 
quickly put on a rich g^een and luxuriant appear- 
ance, as soon as the needed supply was added. The 
same influence has been observed in cases where 
other materials were absent, and hence it is that in 
practice it is necessary to have the plant- food 
capable of meeting the full demands of vege- 
tation, if the cultivator of the soil would secure a 
successful result from his operations. 



CHAPTER XXI. 

One of the natural results arising from plants re- 
quiring a supply of all the materials they need for 
their growth, is that that portion of the food 
which is least abundantly supplied determines the 
fertility of the land. If, for example, phosphoric 
acid were to be absent, and every other portion of 
the plant-food should be present, that land must be 
a barren soil for any and every crop requiring phos- 
phoric acid. It would be immaterial how abundant 
every other necessary may be ; here is a want which 
has not been provided for, and this deficiency renders 
that land barren. Hence the truth, which cannot be 
too frequently enforced upon the attention of farmers, 
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that the least abundant portion of the plant-food 
determines the measure of fertility. It is no use 
supplying that which does not provide for the 
deficiency. There is a want of some essential for 
growth, and until this is supplied successful cultiva- 
tion cannot take placa You give a mason stones and 
mortar to build a wall ; at length he calls for more 
mortar, and you send him more stones ; he builds as 
far as his mortar will permit, and finally he stops 
his work. The plant, by its sickly appearance and 
feeble growth, tells, as plainly as it can, that it wants 
something. In too many cases farmers purchase what 
is not wanted, and fail to supply what is needed. 
Little or no good results, and the manure -dealer 
has the credit of sending a bad manure, whereas 
the truth is the farmer has not supplied the 
deficiency. He may have used some good ferti- 
lising matter, but it has not been suitable for his 
requirements, and hence it has not increased the pro- 
ductive powers of the soil. 

The natural supply of plant-food which needs our 
special care is in the soil ; and as we have seen what 
our various crops require, it will now be desirable to 
see how these requirements are provided for. Soils 
differ very greatly in their composition, but we find that 
all fertile soils contain all the substances which 
our cultivated crops require. It is unnecessary to 
repeat the long list of substances already given as 
the " bill of fare" required by our cultivated crops ; 
it will be enough for our present purposes to say that 
there is to be found in all fertile soils a sufficient 
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supply of each and every material. A moment's 
reflection will show that such must be the fact, for if 
there were a deficiency of any one of the needed 
supplies, the soil would not be fertile and productive. 
So it is also with other intermediate qualities of soils. 
We say that such and such a soil is but moderately 
productive, and this may arise fi*om some portion 
of the plant-food being present, but not in a full 
and sufficient quantity. There are cases in 
which other agencies than plant-food exert an influ- 
ence in determining the result. Of this class, it 
is here only necessary to mention the presence of 
injurious matter, imperfect tillage, or a bad 
climate. But, limiting our remarks for the moment 
to the influence of plant-food, it may be stated that a 
more or less perfect and complete supply of plant- 
food in a well-cultivated soil, renders that soil more 
or less fertile, and in a degree proportioned to the 
completeness and abundance of the supply. 

Niunerous cases are familiar to us, especially in 
the United States, of new lands being reclaimed, 
brought into cultivation for the first time by man's 
industry ; and yet, after a few years of imperfect corn- 
tillage, that land has ceased to be profitable for the 
growth of com. The result has been a gradual re- 
tirement to new soils, which are ultimately given up 
for the same reason. This failure in the growth of 
paying crops does not arise from an entire ex- 
haustion of the plant-food in these soils^ but rather 
from the fact that a partial exhaustion has ren- 
dered the supply imperfect and the cultivation unpro- 
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fitable. As and when circumstances render it desir- 
able for the cultivation of such lands to be renewed, 
the existing deficiencies will be supplied, and the 
land will be restored to a productive condition. This 
will be most economically effected by supplying the 
materials which are especially deficient, rather than 
by any attempt to replace the entire supply, previ- 
ously used up by the growth of com crops. It is 
the weak links in the chain which will need to 
be strengthened, racier than that a new chain will 
have to be made. 

One other important ingredient in plant-food re- 
mains to be referred to, and that is the nitrogen 
which plants require. At present we gain less guid- 
ance from the analysis of our crops, than fi*om the 
evidence obtainable fix)m the experiments which have 
been carried out upon the living plants. By analysis 
we obtain the clearest possible proof, that all our cul- 
tivated plants require a supply of nitrogenous matter 
in their food ; and hence we know that it is as great a 
necessity for the successful cultivation of our crops, 
as any one of the constituents of plant-food already . 
noticed. There is, however, a great variety of forms 
in which nitrogen may be added to the soil ; and 
it is in reference to the action of these several nitrogen 
compounds that the actual experience of the farmer 
at present gives the safest guidance for its use. Under 
a good system of husbandry the soil is enriched in 
its stores of nitrogenous matter by the absorption 
of ammonia from the atmosphere, and by the 
accumulation of vegetable matter in the soil 
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rich in nitrogenous matter, arising from the successful 
growth of the clover plant and other crops. For 
our present purposes it will be sufficient to recognise 
the necessity of the supply. 

Nor must we omit to notice the fact, that although 
plants can obtain from the carbonic acid of the 
atmosphere very large supplies of carbon, — ^which has 
been noticed as an important element in plant-food 
— yet there are other duties to be discharged by car- 
bonic acid which cannot be fully carried out by that 
which exists in the air. Acting as it does in the 
soil, as a solvent of hard matter which is required 
by the growing plant, and which can only gain admit- 
tance to its circulation after it has been dissolved in 
water, for these and other reasons the production 
of carbonic acid in the soil is exceedingly 
desirable. The idea was at one time suggested that, 
having regard to the supplies of carbonic acid and 
ammonia in the atmosphere, it was unnecessary to 
carry to the land such a bulky manure as that pro- 
duced in our farmyards. The ashes of such manure, 
it was suggested, were of easier conveyance, and that 
they contained those matters which our crops really 
needed. It is, however, a well-recognised fact, that 
the organic matter of farmyard-manure — which, by 
burning, would have been sent into the air as smoke 

—has very important duties to discharge in 

the soily and for this reason it demands every care. 
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CHAPTER XXIL 

Having indicated the various materials which plants 
require for their food, and explained the fact that 
these materials exist in all fertile soils, it now remains 
for some reference to be made to the way in which 
the plant secures these supplies. From what has 
been already stated it is clear that all solid particles 
of the soil must become dissolved in water before an 
entrance can be gained into the plant. This fact at 
once discloses to us another of equal importance — 
namely, that there is a difference between the soil 
and what we have termed plant -food. It is the 
soluble portion of the soil which is alone able 
to act as plant-foody and as a matter of fact this is 
only a very small portion. We may have in the 
soil an enormous quantity of matter composed of 
exactly the same materials as we need for plant- 
food, but still of no use whatever as food. This arises 
from the fact that it cannot be dissolved in water. 
That portion of the soil which can be dissolved in 
water containing carbonic acid, or other weak acid, 
is ready for doing duty as plant-food, and the search- 
ing and penetrating force of the roots of the growing 
crop favours the solution of any such plant-food which 
may be present in the soil. This is a most wise pro- 
vision, for it holds in reserve the means for preserving 
the fertility of soils for future ages, and yet enables 
the industrious husbandman to secure abundant crops 
without injury to those who may come after him. 
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Let the fact, then, be distinctly recognised, that 
the soil consists of " active " matter which is ready 
for immediate use, and another portion which 
is not ready for use, but simply awaits a call to duty. 
This latter portion has been distinguished as the 
" dormant " or sleeping-matter of the soiL These 
two portions of the soil may be compared to the 
active and reserve forces in our army — ^the one being 
ready for duty and the other ready to fill up the 
ranks as vacancies arise. It would be imprudent to 
reduce greatly the strength of those on active duty, 
and make no provision for having some help in reserve. 
We often, however, see this done on the land, when 
a bad farmer adopts a system of cultivation which 
completely exhausts its streng^th, and leaves 
the land worn out and unproductive. He has done 
his best to make use of nearly all the active matters 
in the land, and done nothing to secure another 
supply being obtained from the dormant matter of 
the soil. He has punished the land by so doing, 
and in all probability he has impoverished him- 
self also. 

There are rocky substances which, by analysis, 
might be shown to contain all the elements of a 
rich and fertile soil, and in like manner there are 
many soils which would, upon examination, prove 
themselves to be possessed of a composition good 
enough for producing the best crops. In both cases 
the elements of fertility are present in equal abund- 
ance, but still may be incapable of yielding^ a 
luxuriant crop by reason of the mechanical con- 
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dition. No one would expect the rock to be pro- 
ductive, but many have expected a badly prepared 
soil to yield satisfactory crops. So far as regards 
the actual difference between that rock and that soil, 
it is far less than it is generally supposed to be. The 
fact has been sadly overlooked, that it is not the 
composition of the entire soil which shows its stores 
of plant-food ; this can alone be known by an exami- 
nation of the available portion of a soiL There was 
a time when farmers expected that an analysis of a 
soil would have shown them what it contained which 
would be of service for his crops, and also what 
was deficient. In this they were disappointed, 
because in making such analysis the entire soil 
was examined and the composition given regardless 
of the &ct that only a very small portion of it 
was in an active condition. A soil might have had 
its active matter very largely exhausted, and yet 
have possessed boundless stores of wealtL What 
the farmer really wanted to know was, what there 
was in the soil which was in a condition ready to 
act as plant-food, and which his crops could make 
use of in his next course of cropping, or at any 
rate within a short period. That information he did 
not secure by the examination made, and the practice 
of soil-analysis soon ceased to be valued. Even up 
to the present time there have been very few ana- 
lyses of soils which have been made upon a right and 
proper basis. Such analyses, to be of any use to the 
farmer, must in the first place distinguish between 
the active and dormant matters in the soil. They 
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must show the composition of each, and then the 
farmer will know what plant-food he has at his com- 
mand for immediate use, as well as that which he 
possesses in his soil as a reserve, which he can 
gradually bring into use. As this mode of con- 
ducting the analysis of soils is adopted, so will farmers 
appreciate its value, and the practice will again 
become more popular than ever. 

But the question naturally arises, How can the 
dormant matter of the soil be brought into 
an active condition ? There are various agencies 
which contribute towards the attainment of this 
result Of these, two or three are especially influen- 
tial in carrying forward this work. The same natu- 
ral agencies which have reduced our rocks into soil 
will, if they have the opportunity, carry forward their 
work, and make a portion of the dormant matter of 
the soil available for plants. With this object in 
view, soils should be exposed as much as possible to 
the aur and frost The oxygen and carbonic acid 
of the atmosphere at once commence their work; 
perseveringly and silently they work away at the 
soil, making small passages into its minute particles, 
and exposing fresh surfaces for the water to act 
upon. The frost follows, and in freezing the water 
in these little channels bursts these portions of the 
soil, and when a thaw follows it crumbles into still 
smaller particles. The oxygen and carbonic acid, 
ceaseless in their work, assist in rendering fresh 
matter soluble in water. As these solutions pass 
through the soil, they are arrested by other sub- 
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stances — especially the double silicates, and here they 
are held in a condition of safety, awaiting the 
time when they will have to be surrendered at the 

demand of the growing crop. 

So also the fermentation of farm-yard manure 
and vegetable matter in the soil, contribute by 
their decay, to the decomposition of earthy matter 
which may be in close contact with them. The 
gaseous products of their decay — ^notably the 
carbonic acid and organic ax^ids-carry forward the 
attack upon the surfaces of any particles of soil they 
come in contact with, and thus promote the change 
of dormant matter into an active condition. 

The action of quick lime — which can here be 
only glanced at — also carries forward this same 
disintegration of the soil, and contributes towards 
the end in view. These are agencies which are all 
more or less within the command of the farmer, 
and by their aid he can gradually make good use of 
the reserves of fertility which too often lie in his soil 
uncared for and unknown. Treasures are thus locked 
up within the soil, and it is for the skilful farmer to 
turn these to his own advantage, producing by their 
aid more luxuriant crops, and keeping the soil in its 
highest condition of productiveness. 



CHAPTER XXIIL 

In comparing the composition of the mineral 
matter found in plants with the mineral matter 

I 



I 
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found in our soils, we find one body very generally 
present in the soil, which forms no portion of the food 
of our crops. This body is the Alumina of the soiL 
Although it forms no portion of the plant-food 
necessary for the structure of our cultivated crops, 
it has other duties devolving upon it which 
unavoidably associate it with the plant-food itself. 
Reference has already been made to the double 
silicates present in some soils ; these are silicates of 
alumina and some second substance. The silica has 
two partners ; the one (alumina) is a permanent 
partner, whilst the other may either be soda, lime, 
potash, or ammonia; and in consequence of the 
silicate having two partners, these compounds are 
known as double silicates. It may be as well to call 
to remembrance the fact, that when the double 
silicate of alumina and soda meets with lime in the 
soil, the soda is thrown out of the partnership and 
the lime is taken in, and the new product is a double 
silicate of alumina and lime. If this double silicate 
comes in contact with potash, then the lime is turned 
out, and the potash is admitted as a partner, and 
the new ''firm'' is known as the double silicate of 
alumina and potash. But if ammonia should be 
brought in contact with this double silicate, then the 
potash has to give place to the ammonia. Thus it 
will be seen that the ammonia is the highest 
favourite, the potash the second, the lime the 
third, and the SOda the fourth, and a higher favourite 
always puts aside any other of lower rank. 

At length a 'period arrives when another agency 
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is brought into action, and that is the demand 
made by the growing plant The special power 
exerted by the delicate hairs on the roots, prob- 
ably aided by some solvent agency exerted by the 
plant, induces the ammonia to leave the partnership 
and pass into the plant, whilst its place in the double 
silicate is soon taken by some favourite of lower 
rank, possibly potash. H the, plant wants potash, it 
is very likely to tempt the potash also to leave, and 
enter into the plant. In fact the powers of vege- 
table life have a commanding influence over 
each and all of the second rank partners, and even 
if it wants silica its demands are yielded to. Now 
the alumina steadily declines to enter into the 
plant, possibly because it is neither asked nor wanted ; 
at any rate it contents itself by doing the work of 
an "out-door servant." Upon it devolves the 
duty of reconstructing the broken-up partnership, 
and this it persistently labours for. Thus the con- 
tinued action of these double silicates depends greatly 
upon the action of the alumina, for to it may be applied 
the phrase " amidst the faithless, constant only she." 
From first to last favouritism and change character- 
ise the action of these double silicates, but still 
they perform a duty of immense importance in acting 
as purveyors of food for the plant. Neither must 
it be overlooked that as guardians of those fertilising 
materials which come under their care, they discharge 
duties of a most important character. Hence we 
associate alumina with our consideration of plant- 
food, because it performs important duties in con- 
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nection with the guardianship and supply of that 
food, persistently carrying on the work of an " out- 
door servant," steady to the trust devolving upon it. 
Nor shall we be justified in leaving this branch of the 
subject without acknowledging how greatly we are 
indebted to Professor J, T. Way for the important 
discoveries which have rendered us so intimately 
acquainted with the character and utility of the 
double silicates. 

We must not, however, suppose that the double 
silicates are the only agents by which plant-food is 
secured for the purposes of vegetation, although they 
exert a powerful influence so far as regards the 
supplies of the alkalies and silica. Independently of 
the double silicates, the solvent powers of rain-water 
(aided by the carbonic-acid it gathers in its course) 
enables these and many other substances to be 
carried into plants. 

The fact must not be overlooked, that plant-food 
is often seriously injured by the presence of bodies 
which are not suitable for use by the growing crop, 
or which may be present in too large a quantity. 
The protoxide of iron (ferrous oxide) is a sub- 
stance which is unfavourable to vegetable growth. 
Almost every farmer has noticed the unhealthy 
character of some of the poor yellow clays, which 
largely owe their peculiar colour to the presence of 
this body. In many instances this substance is 
found in soils in a smaller proportion, as the ex- 
hausted remains of a body which has done good 
work for the growing crop. There is another 
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oxide of iron, known as the peroxide (ferric oxide), 
which is exceedingly valuable in promotdng vegeta- 
tion. When exposed to the atmosphere it absorbs 
ammonia from the air, and when it is again bnried 
in the soil it yields up its accumulations to the grow- 
ing crop ; and in case of necessity it also gives up a 
portion of its oxygen ; thereupon it takes the form of 
the lower oxide, and if it were present in any large 
proportion it would then exert an unfavourable in- 
fluence upon plant-life. In the ordinary course of 
cultivation, when the land is again ploughed, it is 
brought to the surface, or within reach of the air, 
when it again secures its full supply of oxygen, and 
thereupon becomes valuable to vegetation. This 
change has doubtless been observed when a jrellow 
clay has been ploughed up before winter, and well 
exposed to the air and frost ; for in such cases the 
oxide of iron will take the higher form, and be- 
come chang^ed from an injurious substance into 
one which is very beneficial in promoting the 
fertility of the soil. 

Some of the organic acids which are formed in 
the soil, by the decay of vegetable matter in the 
absence of a sufficient supply of air, are unfit 

for taking part in the nutrition of plants, and they 
interfere with the use of plant-food which is pre- 
pared for that duty. Here again the exposure to the 
oxygen of the atmosphere, or the passage of air 
through the soil (as, for example, by the drainage of 
the land), corrects the evil, and the injurious matter 
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takes a more highly oxidised form, becoming thereby 
useful and valuable. 

In like manner we occasionally find the soil 
injured by the presence of too much salt, or other 
saline matter, which by reason of its abundance 
exerts a prejudicial influence. These cases generally 
occur when the drainage is very imperfect ; but when 
this has been rectified, the passage of rain water 
through the land gradually corrects the difficulty by 
washing the objectionable matter away. For 
a time, however, the plant-food in the soil is pre- 
judiced by the presence of these undesirable sub- 
stances, and it is therefore necessary that their 
condition should be modifiedi or that they should 
be removed from the soil. 



CHAPTER XXIV. 

The growth of a crop necessitates a supply of the 
materials built up in it, just as much as in the 
building of an ordinary house we must have a proper 
supply of the several materials found in its walls, 
floors, doors, windows, etc. We see the completed 
house, and a skilled surveyor will soon prepare a 
list of the materials necessary for its building. 

So also the analytical chemist can examine a crop, 
and prepare a list of necessary materials. On page 
102 such statements have been shown as to the 
materials needed by certain average crops of wheat, 
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beans, turnips, and clover. It would be easy to 
supply similar lists of materials needed for all 
other crops, but those which have been given will 
serve as examples. If a crop be grown on a field 
we may be sure that the ground has supplied to it 
the inorganic materials it contains ; and in giving up 
these supplies the land has a so much smaller store 
remaining in it. A builder who was drawing upon 
his stores for the house he is erecting, sooner or later 
finds some one or more of his stores exhausted, 
and when he secures a fresh supply all proceeds 
satisfactorily. So also with the growing crop : the 
demands made upon the soil frequently cause a short 
supply of some of the materials. Its growth is 
consequently checked, there is an inferior crop, and 
we say the land is exhausted. It is not meant 
by this that the land has no plant-food in it, but 
rather that the supply of plant- food required for 
that particular crop is imperfect. Another crop 
might possibly be grown very perfectly, because its 
requirements were fully supplied. Exhaustion of the 
soil is often limited to an inability to produce 
certain crops, whilst it may still be capable of 
producing other plants. 

Such exhaustion of the soil may arise from the 
supply of one body being insufl&cient ; and in such 
a case the fact of that single deficiency determines 
the productive power of that soil. Hence we have 
the rule that it is that necessary material which 
is present in the least abundance which deter- 
mines the fertility of the soil. If, for example, the 
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phosphoric acid had been exhausted, the absence of 
this body prevents the land being fertile. It would 
not help matters for a large supply of every other 
necessary material to be added, as the growth is 
stopped for want of something else, and until it is 
supplied the land cannot be fertile. 

It is a very common idea that wheat is one of our 
most exhausting crops, and the growth of two white 
straw crops was for a long time forbidden in many 
districts for this reason. If we compare the demand 
made upon the soil for a crop of turnips with the 
requirements of a crop of wheat, we see a very 
marked difference in the materials used in the two 
cases. 



Potash . 

Phosphoric Acid . 
Sulpnuric Acid 
Chloride Sodium . 
Lime 
Soda 


One Acre of 


Turnips. 


Wheat. 


Clover. 


lbs. 

201 
59 
79 
66 

107 
39 


lbs. 

25 

19 

6 

10 
2 


lbs. 
52 
20 
13 

• • • 

111 
7 



In like manner clover makes demands in excess 
of wheat ; and hence it is that we more often hear 
of land being tired of clover, and failing in 
turnips, than being unable to produce wheat. If 
the demands upon the soil are in advance of the sup- 
ply, exhaustion shows itself in some form or other. 
It needs a prudent and intelligent management of 
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the soil to avoid making demands upon the land, 
which have not been previously provided for. 

A distinction must be drawn between an Exhaus- 
tion of the Field and an Exhaustion of the Farm. 
If, for example, a heavy crop of clover were grown 
upon a certain field and removed for sale in the 
market, the field and the farm are both exhausted 
of certain fertilising materials. If that crop of clover 
had been taken to the homestead and consumed 
there, although the field would have been drawn 
upon for the materials in that crop, the farm would 
not have been impoverished thereby. It would be 
simply a case of transfer from one part of the farm 
to another. Still the field must not be overlooked 
in the restoration needed, because the crop remains 
npon the farm, for in such a case the productive 
powers of that field would decreasa 

It is sometimes thought that the first and the 
greatest care to be taken in the management of the 
land is to avoid exhausting the soil; but it 
would be more correct to look upon the plant-food 
existing in the soil, as so much working stock rented 
from the landlord, which, by frequent use, shall yield 
a more valuable product, and thus enable the 
temporary loan to be repaid. If the finished farm 
products can be sold for £20, £30, or £40, and the 
loan from the soil can be replaced for £2, £3, or £4, 
the more rapid and the more extensive the transac- 
tions, the better for the occupier and for the owner. 
The success of the system very mainly depends upon 
the return to the soil of the materials it needs. 
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It would be easy to make an expenditure of the 
money in the purchase of some kind of manure ; but if 
the supply so obtained did not meet the necessities 
of the case, the land would become exhausted, not 
because it did not receive manure, but because the 
manure was not suitable in character, and did not 
supply the deficiency. As our knowledge of the 
composition of our soils becomes more complete, 
we shall be better prepared to determine what must 
be added to the soil to repay that portion of the loan 
which the land needs. 

It must ever be remembered that as a matter of 
economy it is unnecessary to return to any field 
all the materials removed in our crops. The 
great bulk of our soils consists of materials which 
are waiting to be brought into active service, and 
it is manifestly unnecessary to purchase a supply of 
these materials. To do so might be very easy, but 
it would be very extravagant. It would be as if a 
farmer who had the necessary com in his granary, 
sent to a neighbouring town to purchase what he 
wanted, rather than use the granary key. Much 
of the loan made by the soil may thus be restored, 
with many other advantages than simply saving a 
needless expenditure of money. There will still 
be some deficiencies to supply, and in the prudent 
purchase of the necessary materials there will be 
room for much skill and judgment. 

An active cultivation of the soil and the produc- 
tion of large crops are perfectly consistent with — and 
are in fact dependent upon — the maintenance of the 
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land in a high condition of fertility. Exhaustion of 
the soil will be avoided by making the reserves of 
fertility in the soil useful for plant-growth, and 
by supplying any deficiency still unprovided for by 
means of manures. 



(^HAPTEE XXV. 

The primary object in view in the use of manures 
is to supply the soil with any plant-food of which 
it may possess only an imperfect store. The 
cultivation of our various crops causes a considerable 
quantity of matter to be removed from the soil, 
and if these crops are taken away from the land it is 
perfectly clear that the soil must be impoverished 
by so doing. Knowing as we do the composition of 
our various crops, we can form a tolerably accurate 
opinion as to the actual loss which takes place. It 
is well known that if the removal of the crops grown, 
be continued for any length of time without proper 
remedial measures being adopted, the soU ceases to 
produce remunerative crops. Hence it is that man- 
ures are applied to the land tO make good as far 
as possible any injury sustained by the soil in the 
growth of crops, and if practicable to increase its 
productive powers. It will be seen that the manures 
in general use contribute in a variety of ways to the 
attainment of these results. Farm-yard manure 
takes a pre-eminent position in the entire group of 
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bodies employed as manures. The evidence of prac- 
tice is strong in its praises, and long continued 
experience shows that when it has been carefully 
managed it is of great value to the land. A 
moment's consideration shows that as it largely 
consists of vegetable matter — ^portions of crops which 
have been grown upon the land — so by its return 
to the soil we are giving back to the soil some of 
the same materials that were taken from it by the 
growing crops. Other portions of the same crop 
may have been sent away to market, or otherwise 
disposed of; here, however, we have some of the 
actual matter taken from the soil, and by returning 
it to the land we may be satisfied that we are at 

any rate returning some of the materials drawn 
from the soil. It need not therefore cause any 
surprise that this is a practice which experience 
shows to be good. 

In the growth of a crop of wheat we draw from the 
land, in an average crop, about 25 pounds of mineral 
matter in the com, and 150 pounds of mineral matter 
in the straw per acre. We may assume that the com 
is sent to market, and the mineral matter it contains 
goes away from the farm ; but if the straw becomes 
converted into farm-yard manure, the 150 pounds of 
mineral matter is, or ought to be, returned to the 
soil. Now what is still more important than the 
fact of this weight being returned, is the return of 
the same materials in all their original variety. It 
would be possible to return another 150 pounds of 
mineral matter, but this would not be as generally 
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effective unless the same varied composition could be 
secured^ and even then it would be impossible to 
secure its distribution through the soil under equally 
favourable circumstances. The farmer is perfectly 
justified in giving farm-yard manure a position in the 
front rank, for it is worthy of his very best care. 

The growth of a crop should be regarded as a 
loan made by the soil for a temporary use, and in 
the return of farm-jrard manure to the land 
some portion of that loan is repaid. It is more 
satisfactory, because it is a return of a portion of 
that actually borrowed, and not some substitute 
which may not be equally suitable. Some portion of 
the loan made by the soil cannot be returned in its 
original form, because it has gone to market ; but for 
this some good substitute must be found. The 
soil, like any other lender, likes its loan returned 
with interest, and in proportion as this is done 
with a liberal hand, so will it be the better prepared 
to make new and larger advances. It is therefore 
wise to regard all vegetable produce as carrjdng 
away a portion of the freehold, aAd that farmer 
adopts a prudent policy who takes care that the loan 
made is liberally repaid. Circumstances will, however, 
arise in which it is very advantageous to sell both 
corn and straw ; and the question frequently arises. 
Will the land be injured if some other fertiliser 
should be purchased instead 1 The result entirely de- 
pends upon the character of the fertiliser substituted. 
Prudently carried out, the substitution may often be 
advantageous; but it must be remembered that a 
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gjeat variety of substances have been removed, 
and if only a small portion of these substances should 
be returned, a deficiency may still remain in the 
soil which will certainly decrease its productiveness. 
It is not that material which is most abundant in the 
soil which regulates its fertility, but that essential for 
growth which is least abundant It is because the 
farm-yard manure contains such a great variety 
of fertilising substances, that it is so generally 
valuable. If, therefore, straw is sold from a farm, 
it becomes additionally necessary to take care that 
in repajring the loan to the land all the requirements 
of the soil are provided. Certain portions of all our 
cultivated crops are [regularly removed from the 
farm, but the more fully this is carried out the more 
necessary does it become, to arrange that the soil 
suffers from no deficiency in consequence. It must 
always be remembered that as " the weakest link in 
a chain is the measure of its strength,'' so when the 
system pursued involves a very large substitution 
of fertilising matter, great care must be taken to 
strengthen the weak points of the soil The addition 
of unnecessary matter does not meet the difficulty, 
for unless a supply of the most needful substances 
be given, the money value may be applied to the 
land without giving to it the power to yield abun- 
dant crops. In brief, it may be stated that a depart- 
ure from the custom of carefully returning to the soil 
the usual supply of farm -yard manure, necessitates 
additional care in providing for the land a complete 

substitute. 
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The fertilising power of farm-yard mannre is by 
no means limited to a return of much of the same 
mineral matter as was taken from the land. We 
also gain the important advantage of having that 
mineral matter very perfectly distributed through 
the soil. No mechanical arrangement could accom- 
plish this result equally well. It has the further 
advantage of yielding up its supplies gradually, 
and at different periods in the plant's growtL As 
the farm-yard manure lies in the soil, its decay goes 
on more or less rapidly, according to the character of 
the soil in which it is buried. As that decomposi- 
tion proceeds, so the mineral matters built up in its 
structure are released from their bondage, and a 
mixed food is again presented to the plant similar 
to that on which some preceding crop had fed. Not 
simply one or two substances, but a complete 
series; not one to-day and another the following 
week, and so on; the plant-food on which some 
previous crop fed is presented without any absentee 
interfering with the progress of the plant. Punctu- 
ality in the supply of plant-food is as important as it 
is in the affairs of everyday life. Work has to be 
done which needs the concerted action of eight or ten 
individuals ; if some are ready whilst others are absent, 
little progress is made in consequence. It is the 
same with vegetable growth ; if all the requirements 
are provided, the plant progresses favourably; but 
when it has to wait first for one material, and then 
for another, its growth is unavoidably checked. 
In rightly appreciating the value of farm-yard 
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manure, this gradual supply of food of a tolerably 
complete character will be found to be one element 
in its nature which has materially aided it in gaining 
the warm approval of experienced men. 



CHAPTER XXVL 

The important duties discharged by farm -yard 
manure are further influenced by the care taken in 
its proper preservation. If during the decom- 
position which it usually undergoes, any waste be 
permitted, it is evident that such waste decreases 
the repaj/ment of the loan of materials received 
from the land. In some farm-yards we still see black 
drainage matter flowing away from the manure, — 
an occurrence which every man of experience knows 
to be a distinct loss of fertilising matter. The de- 
composition of farm-yard manure which is so very 
commonly adopted, is desirable and proper, provided 
it be rightly regulated- It is a means whereby the 
vegetable matter becomes altered in its character, 
and the mineral constituents which have been 
utilised during the plant's growth are set free from 
their bondage, in a condition ready for again becom- 
ing useful for the growth of some other plant Much 
of this mineral matter becomes soluble during the 
changes which take place in the fermentation, and 
is in solution in the black streams referred to, 
this plant-food is often allowed to waste. Such 
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management rather corresponds with the action 
of the careless spendthrift than that of one who 
carefully husbands his resources to repay a loan he 
has contracted. This, at any rate, is not the way to 
repay to the soil the plant-food which has been 
borrowed from it. In all well -constructed farm- 
yards, arrangements are made for conveying all the 
drainage matter into a tank, or some convenient 
receiver, from which it is pumped out for use. No 
portion of the manure should be allowed to waste, 
for it necessitates the purchase of new supplies 
to enable the farmer to return to the soil that which 
he has removed in his crops. 

Some farmers have to contend with the disadvan- 
tage of large open yards which receive large 
quantities of rain, and have no conveniences pro- 
vided for the preservation of this liquid manure. 
What is a man to do under such circumstances? 
In the first place let him realise the fact of the 
loss which he sustains. His position is undoubtedly 
one of great difficulty, but he gains much by know- 
ing that he is losing fertiUsing matter, which he 
must replace in some form or other if he would 
maintain the land in fertility. Being aware of his 
loss, he will be sure to do the best he can to get the 
aid of his landlord to prevent it. No farm can be 
considered in a tenantable condition whilst such 
losses are not guarded against, and a suitable tank 
should be constructed. When the waste has been 
stopped, he will soon find means for using the 
liquid manure, and especially by having it pumped 



130 THE SCIENCE OF [chap. xxvi. 

over his manure heaps from time to time. In 
some cases, even this use of the liquid will not take 
all that he is bound to dispose of. He will in such 
instances see that this arises from the rainfall 
which reaches his yard being greatly in excess of 
that which is desirable ; he will prudently adopt 
measures for carrying off as much of the rain-water 
as possible before it reaches his manure, especially 
all that falls upon his buildings, and it will ulti- 
mately make him value the advantages of properly 
protected yards. So long, however, as he has to 
contend with excessive supplies of water, it 
is probable that the use of such liquid for irrigating 
land at a lower level will be the best mode of 
using any superabundant flow of liquid manure not 
required for the manure heaps. 

The care which may be taken for the preservation 
of farm-yard manure from waste by any addition 
of water must not be carried to the opposite 
extreme, so as to lead to the practice of keeping 
the manure short of its necessary supply of 
moisture. The adoption of covered manure pits 
and covered yards, although having many advan- 
tages, is still open to the danger of allowing the 
manure to become too dry. We have noticed the 
disadvantages arising from an excess of water, and 
it may be well to point out the losses arising from 
a deficient supply. It is, as a rule, desirable and 
necessary that farm -yard manure should undergo 
a proper fermentation. During the changes 
which then take place a moderate supply of 
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water is essentially necessary, for if there should 
be a deficiency, the manure becomes overheated, 
or, as it is commonly termed, fire-fanged, which pro- 
bably means a sort of burning. Looking at the 
changes from a chemical point of view, we can 
confirm the popular idea of injury arising from too 
much heat. We may, however, go beyond this, and 
point out that the loss which takes place is most 
serious, in consequence of the escape of ammonia 
from the manure. Ammonia may be produced in 
farm-yard manure in two distinct forms. It may 
be associated or combined with decaying vegetable 
matters in forms which are known as organic 
acids; and in this condition, whilst it may be 
washed away by water, it cannot, at any ordinary 
temperatures, be drawn away into the air, or, in 
other words, it is not volatile. If, however, these 
organic acids have, by reason of a scarcity of 
water or otherwise, changed into carbonic acid, 
and have combined with the ammonia in this form, 
then the ammonia is exceedingly volatile, and 
passes away into the atmosphere with the greatest 
freedom. It will therefore be evident that it throws 
a very serious loss upon the farmer when the 
ammonia of the farm-yard manure takes this light 
and volatile form. It then passes beyond his influ- 
ence and control, becoming about as useful to his 
neighbours as to himself. 

The means whereby the fermentation of farm-yard 
manure is regulated are exceedingly simple, but at 
the same time very important. Apart from the 
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question of the composition of the manure — which 
we do not here consider — ^we find that the supply of 
air and water have very controlling influences 
upon the rapidity of the fermentation and the char- 
acter of the products which result therefrom. If 
air be excluded from the manure, the fermenta- 
tion is proportionately checked, whereas it is 
quickened by a proper admission of air. This is 
commonly recognised in practice, for if we wish to 
hasten the fermentation we have the manure 
turned and thrown together lightly in a heap ; but 
if we wish to check the fermentation, horses and 
carts are allowed to pass over it, so as to compress 
it as much as possible. In the one case the air is 
freely admitted, and in the other instance it is 
excluded. We have a very similar set of circum- 
stances in the case of an ordinary fire ; if you desire 
it to burn more rapidly, it is stirred and poked so 
as to lighten it, thereby enabling more air to be 
admitted. If, on the other hand, the desire be to 
check the fire in its burning, the coals would be 
kept compactly together, and probably the surface 
would be covered with small coal to impede as 
much as possible the passage of air through the 
fire. In the same way with the farm-yard manure, 
the rapidity of fermentation is very greatly under 
control, and it can be hastened or impeded at wilL 
It is very well known that there is a very great 
difference in the manure from different portions of 
the live stock, some of which is naturally very slow 
in fermentation. At first this appears to be an 
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exceptional case, so far as regards the influence of 
the air in making the fermentation very rapid ; hut 
even here the same general rale will be found to 
apply, as soon as the decomposition has fairly com- 
menced. 



CHAPTER XXVII. 

The fermentation of farm-yard manure is also 
materially influenced by the quantity of water pre- 
sent in the manure. It has been already stated that 
when there is a deficiency in the supply of water 
we have the ammonia formed in combination with 
carbonic acid (as carbonate of ammonium), and 
consequently in a very volatile form. Moderate 
applications of liquid manure pumped over the heap 
from time to time, so as to keep the manure 
moist| will secure a fermentation of a temperate 
character, and the ammonia will then take a safer 
form, because it will not be volatile. When the 
fermentation is made rapid by the admission of air, 
it then becomes more than ever necessary to keep 
that fermentation of a proper character, by the 
controlling influence of moisture. Wherever 
manure is kept in covered pits or covered yards 
great care is necessary to preserve it in a moderately 
moist condition, otherwise the form of loss is 
simply changed ; for in the one case it would be 
washed out of the manure heap, and in the other 
instance it would be sent into the air. 

The degree to which this fermentation or rotting 
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of the farm-yard manure should be carried depends 
very much on the circumstances of the case. As a 
rule, the manure which is intended for clay soils 
and clay loams, is applied to this class of land in 
a tolerably fresh condition, and when it is only 
moderately fermented. The reasons for using it 
in this condition are the general safety with which 
the decomposition proceeds in such land, and also 
because of the mechanical influence of the manure in 
making these soils more open and porous. When 
the application is made to light lands, the general 
rule is to apply the farm-yard manure in a 
thoroughly decomposed condition, so that the 
land may not be made more open in its char- 
acter. Further than this, as the sands and sandy 
loams have very limited powers for preserving 
fertilising matter from waste, it has been thought 
desirable to have the farm-yard manure fully pre- 
pared for use by the plant before it is added to 
the land. No doubt this has involved very great 
losses by the washing away of much fertilising 
matter before the plant is able to make a good use 
of it. There is therefore considerable difference in 
the degree of fermentation to which farm-yard manure 
is subjected so as to secure it in the most suitable 
conditions for all kinds of soils. 

This difficulty has long been felt in reference to 
the use of well rotted farm-yard manure upon light 
lands, which had little power of retaining the 
soluble matter contained in the manure. A very 
marked economy has resulted from applying it to the 
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land when it was canying a crop capable of rapid 
growth, and thereby quickly changing this manure 
into vegetable matter. The clover crop has been 
preferred for this purpose^ and the manure has been 
applied at various periods of its growth, according 
as it best met the system of farming pursued. The 
result secured in each case would be changing the 
farm-yard manure into a living crop, and after- 
wards making those crops yield plant-food to 
the soil. In this way the usual waste arising from 
the fertilising matter being washed out of these 
sandy soils has been prevented by the intervention 
of an active growing plant. Many of our soils 
possess special absorptive powers, and are quite 
prepared to preserve for vegetation any manures 
entrusted to them ; but when we have to deal with 
soils destitute of these powers then some other 
guardianship becomes desirable. 

Whenever farm-yard manure is applied upon 
the surface of a growing crop, it is, with very 
few exceptions, desirable that it should have been 
thoroughly well fermented, and reduced to a soft 
and blackened condition. When this has been 
carefully carried out the ammonia has been secured 
in a non-volatile condition, and consequently the 
manure suffers little loss from exposure to the sun. It 
is also more quickly secured within the growing crop, 
and this is a matter of considerable importance. It is 
worthy of notice that when this system of using farm- 
yard manure is carried out, and a guardian crop is 
made use of to compensate for the defects in the 
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natural absorptive powers of the soil, care must be 
taken that the manure shall ultimately serve the 
purpose for which it was originally intended. It is 
no uncommon thing for farmers to be unable to grow 
wheat on some poor light soils, without some farm- 
yard manure being applied for the wheat, much of 
which, by reason of the non-retentive character of 
the land, is lost. In such a case as this, supposing 
the preceding crop to be clover, if the manure 
had been put upon the clover and taken up by it 
in a quick growth, we should have much of the 
manure transformed into clover plant. This being 
ploughed into the land would, of course, by its slow 
and steady decay, yield that manure to the wheat 
plant progressively, and the wheat would be as fully 
advantaged as if the soil had acted as the guard- 
ian of the plant-food supplied. Supposing,, how- 
ever, that manure had been applied to a younger 
clover plant, and much of the produce removed, the 
circumstances of the case would be materially altered. 
It may be that the change would be more profitable, 
and under some circumstances more desirable ; but in 
such case it is well worthy of consideration how far 
the clover crop has acted as a guardian of the plant- 
food for the wheat, or yielded direct profit to the 
cultivator of the land. There are many cases in 
which this would undoubtedly be a most desirable 
course of procedure ; but so far as regards the repay- 
ment of the material borrowed from the soil, the 
result would certainly vary considerably according to 
the course adopted. 
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However desirable it may be to a farmer to rent 
land which is in good condition, his only advan- 
tage therefrom is to keep that fertilising matter 
in active circulation. At one time he borrows 
firom the soil ; at another time he repajrs the loan 
with interest; but he ought to be able, in doing so, to 
leave for himself some profitable advantage by 
the transaction. He wants to keep up a series of 
these loans and repayments; but for his own sake he 
should be careful to let repayment always follow a 
loan, then he will keep the land in a satisfactory con- 
dition for making more profit on the exchange. Let 
£Eurm-]rard manure.be regarded as a part re- 
pajrment to the soil of what the growing crops have 
drawn from it, and this will go far to confirm the 
importance now attached to farm-yard manure by men 
of lengthened experience. To neglect the proper 
care and extended production of this manure, simply 
because artificial manures can be easily obtained, is 

neither fair to the land nor for the advantage 
of the occupier. 



CHAPTER XXVIIL 

As this manure consists of excrement of the live 
stock of the homestead, intermixed with straw or 
other materials used as litter or bedding for these 
animals, it is evident that the composition of such 
manure must take a very wide range, according to 
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the conditions and circumstances under which it may 
have been produced. It is, in the first place, clear 
that the food which the animal consumes must 
influence the character of the excrement. For 
instance, that produced from a food containing a 
large proportion of nitrogenous matter — as com or 
cake — would be very different from the excrement 
of an animal living entirely upon straw, which is 
chiefly carbonaceous matter. In the next place, 
the age and character of the animal making 

use of the food must cause great variation; for, 
whereas a full-grown animal would only abstract 
from the food materials for replacing the waste of the 
body, a growing animal would also require the 
structure of its body to be built up from the several 
ingredients of the food. In the case of the growing 
animal, it would largely impoverish the food it 
received, by drawing from it matters for the develop- 
ment of its skeleton, its muscles, its tissues, etc. In 
the former instance, the matured animal would 
separate very little, if any, of the phosphate of lime 
for the formation of bone, and considerably less of 
the nitrogenous compounds from which the fleshy 
parts of the body are formed. When an animal has 
become so fully matured that there Is a general 
cessation of growth, then — although there would be 
a transfer of some of the elements of food to restore 
the waste of the body — there would be little more 
than an exchange of the same elements, except so far 
as related to that portion of the food used in the 
respiration. In general husbandry such cases of 
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fully matured animals are rare; for if we except 
some of our horses, all other kinds of farm stock may 
be looked upon as growing stock. In the case of a 
full grown horse which is engaged in hard labour, 
the food is necessarily rich in nitrogenous matter, 
such as we find in hay, beans, oats, etc., and this 
portion of the food is used in the system for replacing 
the waste of the body arising from the labour 
performed. Here, then, we have a large supply of 
nitrogen in the food, and in exchange for this we find 
a large quantity of nitrogen in the excrement. If we 
take the case of a young horse employed in work, 
it has not only to replace the waste of the body 
caused by its labour, but it is also desirable that 
it should increase its muscular growth and its 
skeleton. The natural consequence is, that the 
young horse retains in its system both nitrogenous 
matter and phosphate of lime ; hence, in these re- 
spects its excrement is poorer than that obtained 
from older horses. 

Let us take another instance, that of a dairy 
cow. It may be fully grown, and therefore have no 
direct need for anything more than any other fully 
matured animal ; but if she is jrielding milk, or 
nourishing a calf, although she does not need 
additional supplies for herself she does require them 
for the performance of the work which devolves upon 
her. The result of this is a demand upon the food 
for a considerable supply of the materials which build 
up bone, muscle, fatty tissues, etc., and the excre- 
ment is therefore very poor. It also possesses 
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another important variation in the larger quantity 
of water which it contains, consequent upon the 
necessity for softer and moister food for animals 
which ruminate, or chew the cud. These cases 
sufficiently illustrate the variations in the excre- 
ment of diflPerent kinds of live stock, and show why 
the manure of the horse is highly charged with 
nitrogen, as well as the reason of the manure from 
the cow-shed heing poor and of a watery character. 
There are several other conditions which influence 
the character of farm-yard manure, such as the 
proportion between the straw or litter used and 
the food consumed, and the quantity of each. 

For these and various other reasons, it wiU be seen 
that farm-yard manure is most variable in its 
composition ; hence it is a matter of considerable 
difficulty to take any chemical analysis which shall 
indicate the average composition of this manure. But 
whilst we need not take all the details of its chemical 
analysis, it will be instructive to state the materials 
usually found in farm-yard manure: Water — 
soluble organic matter (containing nitrogen) — 
soluble inorganic matter — silica — phosphate of lime 
— lime — magnesia — potash — soda — chloride of 
sodium — sulphuric acid — carbonic acid — insoluble 
organic matter (containing nitrogen) — insoluble in- 
organic matter. 

There is, it will be seen, a very great variety 
of materials in farm-yard manure, and hence its 
general utility for all crops and for all lands. It 
rather reminds one of the long prescriptions which in 
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olden times were so successful amongst patients ; for 
out of the variety of drugs employed, some at 
least were likely to be wanted. 

An investigation was carried out by Dr. Yoelcker^ 
to determine the changes which took place in farm- 
yard manure during a carefiilly-conducted fermenta- 
tion, and the general result may be shown by the 
differences in the composition of the manure before 
and after such fermentation : — 

Fresh Manure. Well rotted. 



Cwt. qr. lb. Cwt. qr. lb. 

Fertilisiiig substances . . 1 19} 1 19| 
Other materials, chiefly organic 

matter . . . . 6 1 10 4 1 27 

Water . . . . . 13 261 15 9i 



20 20 

We see from this that the more active fertilising 
substances formed only about 48 pounds in a 
ton, and that to make use of these we have to cart 
about and work from 13 to 15 cwt of water, and 
from 4 to 6 cwt. of materials of little market value. 
It is not to be wondered at that these figures led 
some to think that, after all, farm-yard manure was 
greatly over-estimated by farmers. Taking the more 
active fertilising substances in each ton at their 
market value, they amounted to about 1 3s. ; but it is 
also certain that much of the value of farm -yard 
manure depended upon the fact already referred to, 
that there was a great variety in the supply. 

^ Boyal AgricuUwrdl Society JotMmal, vol. xvii 
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The day will doubtless come when some of these 
ingredients which are now regarded as value- 
less will be more correctly estimated, so far at least 
as regards the effects they produce upon the growing 
crop. The complete character of plant-food has not 
as yet been sufficiently recognised ; but when it shall 
be rightly valued, it will tend to explain why it is 
that farm-yard manure has established such a high 
reputation. 



CHAPTER XXIX. 

In considering the character and influence of farm- 
yard manure in relation to the soil, we shall seriously 
err if we limit our attention to the mineral matter 
it contains. In addition to these very valuable fer- 
tilisers, we find in this manure organic matter, 
which discharges distinct duties in the soil. These 

organic matters are grouped into two classes, 

according as they may or may not contain nitrogen, 
and hence they are known as nitrogenous and non- 
nitrogenous bodies respectively. These have very 
distinct duties to perform in the soil, and they also 
take different parts in the fermentation of the manure. 
Nitrogenous bodies are not only very much dis- 
posed to encourage those decompositions — or 
changes — which we know by the terms fermenta- 
tion or rotting, but they induce other bodies to 
take part in these changes also. This is quickly 
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observed in the manure from stables, which has 
already been described as containing much nitrogen. 
The first evidence we have that decomposition has 
fairly started is the increasing heat of the manure ; 
for although decomposition may have commenced in 
the excrement before it gets mixed with the straw or 
litter, we soon observe a marked increase in the 
changes so begun. It very quickly induces the straw 
to join in the decay, just as one rebellious subject 
induces others, who may be naturally disposed to be 
quiet, to become unsettled and desirous of change. 
In this case, however, there are distinct advantages 
to be gained by the decomposition of the straw, and 
the carbonaceous matter it contains is able to render 
good service in the fermentation. 

It may here be somewhat more fully explained 
than has already been done, that the straw, or other 
litter, as it decays gradually loses its colour, and 
ultimately becomes of a dark or blackish colour, 
which is due to the carbon-aceous matter it con- 
tains entering into new combinations, forming organic 
acids and organic colouring matters. In the decompo- 
sition of straw the carbonaceous matter it contains 
becomes changed into a sort of sour, peaty mass, 
which contains several solid substances which are 
known as organic acids. They are called acids 
because of their sourness, and they are known as 
organic acids because they are formed from organic 
matter. There is a large number of these organic 
acids, each differing slightly in composition from the 
others ; but of these two may be specially mentioned, 
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and these are humic acid and ulmic acid. When 
these come in contact with ammonia they combine 
with it, and they form humate of ammonia and 
ulmate of ammonia respectively. They are of a 
blackish colour, and are often dissolved in the 
black liquid which drains from heaps of farm- 
yard manure. When ammonia has entered into 
either of these alliances, it ceases to be of that 
volatile character which it possesses under some 
other forms. 

When the decomposition of straw goes forward 
with too little water present, the carbon-aceous 
matter takes the form of carbon -ic acid, and 
this uniting with ammonia forms carbon -ate of 
ammonia. In this form the ammonia is very 
volatile, and pungent to the smell, as is well known 
in the strong smelling salts sold by druggists. Thus 
we may have the ammonia of farm-yard manure 
produced in two distinct forms, the one being 
volatile and therefore easily passing into the atmo- 
sphere, whilst the other is not volatile and does not 
fly oflF into the air. 

The nitrogen-ous matters in the farm-yard 
manure, whilst they cause the carbon-aceous sub- 
stances to undergo decomposition, also become 
changed themselves, and as a result of this we have 
ammonia formed. The great advantage of both 
imdergoing decomposition at the same time is that 
we have the opportunity of so regulating the fer- 
mentation, by the presence of a moderate supply 
of moisture, that we can secure the ammonia from 
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loss by letting it unite with some one of the 
organic acids. Even in this form the ammonia is 
not safe, for if we allow an excess of water, by 
rain or otherwise, to fall upon it, then the ammonia 
may be washed out of the farm-yard manure, as we 
too frequently see in the black streams running 
from it. 

Thus, in canying on the fermentation of farm- 
yard manure, there is a liability to loss unless 
proper care be taken. When this fermentation takes 
place in the soil, the question of loss entirely 

depends upon the character of the land. If 

the soil is strong, and contains a fair proportion of 
clay, it is generally possessed of sufficient absorp- 
tive power to hold the products of the decomposi- 
tion without loss. On such soils practice has 
shown that unfermented manure may be advan- 
tageously applied, and the decomposition goes on 
with safety. When the soil does not possess this 
holding character — as in sandy soils for example — 
then such lands cannot be regarded as safe 
custodians of the farm-yard manure ; and experi- 
ence shows that for such lands the manure should 
be carefiiUy prepared for use before it is entrusted to 
its care. 

It is worthy of notice that when the soil is of 
such a character that it can be safely trusted with 
the manure in only a slightly fermented condition, 
the soil is indirectly iinproved by the decomposition 
of the manure taking place in it. The chemical 
changes going on in the farm-yard manure often 

L 
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extend to the sarrounding earthy matter, and thus 
some of it is brought from a dormant condition into 
an active state, ready for being used as plant-food. 
The fermentation of farm-yard manure is never 
carried out to such an extent that the work is com- 
pleted before it is added to the soiL In practice, it 
is always applied in a more or less unfermented con- 
dition, and there are thoroughly good reasons for the 
variations observed, to some of which reference has 
been made. It is, however, evident that the fermen- 
tation of &nn-yard manure is an operation demand- 
ing careful management, as there is gresit danger 
of loss if proper care be not taken. At the same 

time the means for controlling it are excess- 
ively simple, and need little more than ordinary 
care in their adoption. The presence of a moderate 
amount of moisture has been shown to be of inmiense 
importance, but the opposite extreme must be guarded 
against. It is with this manure as with ourselves ; 
for we naturally desire to avoid thirst by moderate 
supplies of liquid, and the greater the activity of the 
individual the more beverage is necessary, but in no 
case is such a quantity desirable that the person shall 
be thoroughly saturated by the supply. 



CHAPTER XXX. 



The judicious employment of farm-yard manure 
cannot be looked upon as of less importance than 
its economical production and careful management, 
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especially when we consider the influence which it 
exerts on the produce of the land, and consequently 
upon the profits of the farm. The evidence of practice 
is agreed respecting its great value, and the improve- 
ments which have been introduced into agricultural 
practice have a powerful and direct tendency to in- 
crease the quantity and improve the quality of this 
product of the farm. K, however, we appeal to 
practice alone for an answer to the inquiry, What is 
the period of the rotation and the best time of the 
year for applying farm-yard manure to the land? 
we see an apparent conflict of testimony. It will at 
first appear to be almost impossible to 'elicit such a 
reply as will enable us to establish any definite rules. 
We see the usual practice var]ring greatly in diffier- 
ent districts; but this need not occasion much surprise, 
for it is clear that as the conditions of soil and 
climate vary, so these must be met by corresponding 
modifications in our proceedings. In explaining this 
diversity of practice, we shall endeavour to indicate 
the circumstances which influence the course which is 
most desirable. 

The most important consideration which guides the 
application of farm-yard manure is the power of the 
soil to hold manure. In this respect there are 
very great differences observable in land, and hence 
an experienced farmer is generally able to form a 
correct judgment in this respect. As a rule, this is 
chiefly determined by the proportion of clay 
which is present in the soil : and by this the judg- 
ment of the majority of persons is usually guided. 



148 THE SCIENCE OF [ohap. xxx. 

But it has been shown by Professor Way that the 
general mass of the clay does not take part in this 
work, and that some bodies associated with the 
clay really discharge this duty. These bodies are 
known as the double silicates, and may be re- 
garded as a modified form of clay, rarely exist- 
ing in clays in a higher proportion than 4 or 5 
per cent. Hence the first lesson we learn from 
this fact is, that although the judgment is gener- 
ally guided by the proportion of clay in the soil, 
96 or 96 pounds out of every 100 pounds take 
no part in the work. Still the proportion of clay 
becomes a rbugh and ready means for forming an 
opinion on the subject. Incidentally, it may be 
mentioned that an increase in the percentage of these 
double silicates would be the means of making other 
soils capable of holding manure which do not at 
present possess this power, because they contain but 
little clay. If we have to deal with soils which 
will retain the manure applied to them, we 
have the satisfaction of knowing that we may 
use that manure just when it best suits the 
requirements of crops and the convenience of the 
cultivator. 

The exceptional difl&culties arise when we have to 
guide our proceedings by other considerations than 
these, and have to do our work so as to reduce as 
much as possible the loss which arises from waste 
taking place in the soil. We can entrust farm-yard 
manure to good holding soils, and allow fermentation 
or decomposition to proceed in them without any 
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fear; but this cannot be safely done in other soils 
which have little power of absorbing^ and retain- 
ing manure. This distinction in the guardian 
powers of the land naturally divide our soils into 

two distinct classes, one of which may be safely 
trusted with manure, and the other cannot It 
will be seen that the difficulties are chiefly associated 
with the latter class, and we observe in practice 
various efforts made to meet these difficulties. Ee- 
ference has already been made to some of them. The 
preliminary preparation of the farm-yard manure ia 
generally carried out as fully as possible before it is 
ploughed into light and non-retentive soils, because 
thin soils cannot take care of the manure whilst it is 
undergoing this preparation. When it has been so 
fitted for immediate action, if it has to be ploughed 
in, that of course must take place before the sowing 
of the seed. Some time must of necessity pass before 
the young plant has become sufficiently developed to 
make any large use of the manure, and during this 
interval waste is in all probability taking place. 
Farmers do not need to be reminded of a fact with 
which many are far too painfully acquainted, but still 
it shows a difficulty which has to be met. Hence it 
is that well-fermented farm-yard manure has been so 
advantageously applied to .the clovers upon these 
light soils, securing the manure from loss by the 
aid of a quick growing plant prepared for full and 
immediate action, and being again converted into a 
manure which would become slowly Available for 
plant-food. 
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We may now notice two of the modes of applying 
farm-yard manure upon strong retentive soils, viz. 
spreading between the ridges, which are then split so 
as to cover it up, and a general spreading over the 
land, after which it is ploughed in. The objection to 
the former practice is the less perfect intermixture 
of the manure with the soiL As a rule which has 
few if any exceptions, the manure is rendered more 
effective by being thoroughly distributed through- 
out the soil. By this course of procedure a better 
action upon the soil is secured, and the conditions 
of plant-growth are more perfect It is unde- 
sirable for the manure to be kept in separate lumps 
or masses ; on the contrary, every effort should be 
made to have it thoroughly mixed with the soil. The 
more we know of the delicate character of the sup- 
plies of plant-foody the more shall we recognise the 
desirability of those supplies being purified by the 
action of the soil from all rankness of character. 
Apart from which, the distribution of manure through- 
out the soil has a tendency to utilise some of the 
plant-food of the soil, and a more complete and per- 
fect supply becomes available for the plant Nor 
must we overlook the increased fertility of the soil, 
arising from its dormant and inactive portions being 
rendered active and ready for use as plant-food by 
this contact with the decaying farm-yard manure 
which is used. 

The cases are somewhat exceptional in which 
farm-yard manure can be applied to com crops, in 
consequence of its tendency to encourage the growth 
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of too much straWy which endangers the jrield of 
com. In the bean crop we have an exception, and 
for this crop it is often employed; for when the 
growth becomes too luxuriant, and the lower blossoms 
fail in consequence, we have the means of stopping 
the injury by topping the plants with a reaping- 
hook. This stops the growth of haulm, and the pods 
soon begin to fill The use of farm-yard manure is 
largely restridted to green crops, such as our root 
crops and clovers. These are the chief conditions 
which regulate the use of farm-yard manure, but the 
modifications which arise are almost endless, 
and these are closely associated with other branches 
of farm husbandry. 



CHAPTER XXXL 

It has been shown that the food of animals neces- 
sarily influences the excrement produced, which in its 
turn causes a difference in the character of the farm- 
yard manure. In consequence of this, the fermenta- 
tion of manure, possessing great variation in char- 
acter, becomes somewhat difficult of control The 
ultimate value of the farm-yard manure greatly 
depends upon the fermentation being judiciously 
regulated, making it, in fact, a means for improving 
its character, instead of decreasing the quantity of 
the fertilising matter it contains. It is a fact well 
known to every farmer, that the manure from the 
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stables is disposed to become hot very quickly, 
whilst that &om the cow-stables is known as a cold 
manure. This difference arises from the former 
containing much nitrogenous matter, which quickly 
causes a fermentation of the manure to be com- 
menced. On the other hand the manure from the 
cow -stalls has a considerably smaller proportion of 
nitrogen, and it ferments very slowly. Other in- 
stances might be given of these variations in char- 
acter, but the general result is that different parts of 
the farm-yard have manures differing in composition. 
Thus, whilst in some parts the manure is ferment- 
ing^ too rapidly, and needs moisture to make its 
fermentation safe, other portions are already too 
moist and cool for the proper changes to take place 
in the same time. Hence the great importance of 
having these various kinds of manure spread 
equally so that they may become properly mixed. 
In this way the general mass or heap can be 
similarly treated, and one common course of 
management adopted for the whola If fermentation 
needs quickening, the manure can be turned and air 
admitted, or, if it needs more water, it can be 
applied. A tolerably uniform heap of manure 
having been secured, it becomes comparatively easy 
to determine what should be done. There is, how- 
ever, another advantage gained by such inter- 
mixture, for we not only secure a safe fermentation, 
but the general preparation of the manure is also 
quickened. The slower portions advantageously 
check the more rapid, whilst those are in return 
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rendered more active. The general issue is, that a 
great uniformity, a well-regulated fermentation, 
and an early preparation for use upon the land, 
are secured. 

There are, however, other important practical 
advantages which result from our recognising the 
connection existing between the food consumed and 
the excrement produced. Of these the superior 
quality and value of the manure of animals fed 
upon food which contains rich nitrogenous matter 
will immediately occur to the mind. The successful 
use of artificial food and com as a means for pro- 
ducing meat, is largely based upon this fact So 
much so indeed is this recognised, that the returns 
arising from the outlay are not simply looked for 
frx)m the meat produced, but also from the 
increased value of the manure obtained. In 
some cases this has been estimated at figures which 
are a matter of surprise to practical men, and yet 
these estimates are based upon the market value 
of the materials actually present in the manure. 
The investigations which have been carried out by 
Messrs. Lawes and Gilbert place facts before us of 
immense importance, and they are known to have 
been carried out with such care and skill as to place 
agriculturists under the very deepest obligations to 
them. It has been shown that it is possible to 
obtain from a ton of each of the following descrip- 
tions of food a manure enriched by these foods with 
fertilising substances having a total market 
value equal to the amounts stated in each case : — 
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Per ton used. 


Cotton seed cake (decorticated) . 


. £6 10 





Rape cake 


4 18 


6 


Linseed cake 


4 12 


6 


Malt dust 


4 5 


6 


Cotton seed cake (un-decorticated) 


3 18 


6 


Beans .... 


8 14 





Linseed .... 


3 13 





Peas .... 


3 2 


6 


Bran and Pollards 


2 18 





Clover hay 


2 5 


6 


Oats .... 


1 16 





Wheat .... 


1 13 





Malt . . ... 


1 11 


6 


Indian meal . • . . 


1 11 





Meadow hay . . . . 


1 10 


6 


Barley . . . . . 


1 10 





Locust beans . . . . 


1 2 


6 


Bean straw • . . . 


1 


6 


Pea straw • . . . 


18 


9 


Oat straw . . . . 


13 


6 


Wheat straw . . . . 


12 


6 


Barley straw . . . . 


10 


9 


Potatoes . . . • . 


7 





Mangel wurzel . • . . 


5 


3 


Swedish turnips . • • . 


4 


3 


Turnips and carrots . • 


4 






These results represent an amount of labour and 
skill of which few can form any adequate concep- 
tion, and they give us information of enormous 
value, for which we cannot feel too grateful. 

It will be evident that these figures indicate the 
power to enrich farm-yard manure to a very great 
degree, and they become important data in calculat- 
ing the advantages which may arise from the use 
of saleable farm produce and purchased food. They 
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also show results which have been attained, 
and consequently may be again secured under 
similar management^ and with similar animals. 

These facts also tend to prove the immense 
importance of care and judgment being shown in the 
management of farm-yard manure, especially that 
which has been enriched by the use of expensive 
food. The realisation of the best results is 
largely dependent upon an avoidance of all waste, 
and on the proper fermentation of the manure 
before it is applied to the land. Apart from the 
care of this manure whilst in the homestead, its 
preservation whilst in heap awaiting use, demands 
equal attention. Any waste by drainage into the 
ground on which it rests should be prevented by 
securing an impervious bottom on which it may be 
placed, and by passing the carts over the heap when 
it has to be kept without much advance of fermen- 
tation, and of course surrounding it for a moderate 
height by earthy matter. The plan introduced by 
Mr. Clement Cadle, of mixing some kainit with 
the farm-yard manure as it is being made into 
heap, promises to become widely adopted, and to be 
of immense advantage. If it be scattered over each 
layer in the heap — say at the rate of half-a-cwt. for 
each ton of manure — ^it will have a tendency to 
fix any ammonia that may be formed in a volatile 
condition, and will itself become changed into one of 
our most valuable potash salts. It is one of the 
best means of obtaining a cheap supply of potash 
in an effective condition, and is well worthy of 
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general adoption. It may be added that this German 
potash salt kainit, consists largely of sulphate of 
potash — ^that is, sulphuric acid and potash ; and, in 
the presence of fermenting farm-yard manure, it is 
largely changed into nitrate and carbonate of potash, 
whilst its sulphuric acid fixes any volatile ammonia 
with which it comes in contact. The use of kainit in 
this manner will be found an additional means for 
preserving and enriching farm-yard manure. 



CHAPTER XXXII. 

There are many cases arising on a farm where the 
manure differs from farm-yard manure in not 
having any straw or other litter intermixed 
with it. On many farms — for instance sheep-farms 
— this mode of manuring becomes the most import- 
ant. In these cases the excrement of the animals 
is deposited upon the land, without any interfer- 
ence on the part of those in care of the stock. Even 
in these cases it is quite possible for an important 
control to be exercised. In this group of fertih'sers 
we have all manures produced upon the farm by the 
consumption of growing crops, and in it are therefore 
comprised such as result from grazing and folding. 
In the grazing of horses and cattle little is done 
except having the manure dropped upon the land 
knocked about, so as to secure its more perfect dis- 
tribution. Where this is neglected we have a rank 
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and vigorous gjowth of grass or other herbage, 
which stock do not relish, and which they avoid as 
long as possible. Frosty weather very generally 
corrects this rankness, and the herbage becomes 
" sweetened " by the severe cold, so that the stock 
are then more willing to eat it. By means of the 
system of foldings the land, — ^that is, keeping the 
sheep upon the land within hurdles, and on a limited 
space, — the feeding is concentrated within the limits 
assigned ; consequently any food is more rapidly fed 
off by stock, and the manure is more regularly dis- 
tributed over the surface. This cannot be done as a 
rule with any other stock than sheep, and even with 
sheep there is a very great difference observable 
between our several breeds. There are cases occa- 
sionally met with in which pigs and young cattle 
undergo the same treatment 

The system of foldings sheep has been carried 
out very extensively for assisting the proper con- 
sumption of root-crops. In this way it has en- 
couraged a more perfect consumption of the 
food which has been grown, and as less has been 
wasted in the feeding of the crop, more has been 
used as food. Under this system of folding one 
great advantage, amongst many others, has been 
gained, for a tolerably equal distribution of the 
manure has been secured. ~ Unless this or some 
similar system be adopted, the sheep will resort to 
their favourite lairs or resting-places, and these 
spots will receive too much manure, whilst other 
parts of the same field will be without any. The 
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large proportion of nitrogenous matter thus given to 
the favourite spots generally results in a very vigor- 
ous growth of the straw, often producing such an 
excessive quantity that the corn-crop falls before 
it comes to maturity. On other parts of the same 
field the absence of manure is especially marked, 
for the growth is slow, and the crop is consequently 
backward, and a partial failure. Both of these 
objections are removed by an equal distribution, and 
in this way a more equal and a more productive 
peld of com is obtained. The favourable results 
extend beyond the quantity grown, and are even 
more observable in the quality of the com produced. 
It is only right that, in restricting sheep from 
resorting to their favourite lairs, we should care- 
fully notice why they give such a decided prefer- 
ence to these spots. Such preference is generally 
exercised by reason of some instinctive guidance, 
and it is but prudent to be assured that in counter- 
acting this natural desire we provide an adequate 
substitute. Two conditions generally influence the 
preference thus shown by sheep : shelter from cold 
winds, and dr]rness of soil The former can be 
readily supplied by the use of light hurdles covered 
by thin boarding, or by the employment of wattled 
flakes, both of which can be shifted as easily as 
ordinary hurdles. If it should be intended to have 
a more permanent fold, a double row of hurdles 
stuffed with straw gives even more perfect shelter, 
but for all ordinary purposes either of the former 
wiU answer every requirement The general use of 
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such shelter-giving hurdles proves to be extremely 
remunerative ; for whether the flock may be for 
breeding or for feeding purposes, the importance of 
having one or two sides of each fold sheltered from 
the cold and searching winds will soon become mani- 
fest. The dryness of the soil is not equally under 
our control, for although the drainage of the land 
will do much to improve it in this respect, much 
more than this is required, in many cases, before the 
land becomes sound for folding. On moist soils the 
folds will generally be made larger than usual, so as 
to prevent the soil being too much trodden. Just 
in proportion as the proportion of sand decreases 
and as the clay increases, so does the density of 
the soil decrease ; and this results in the soil being 
rendered more retentive of moisture, and more 
easily rendered muddy. If, for the purpose of 
securing an equal distribution of the manure, we pre- 
vent a flock selecting its own lair at night, it is alike 
our duty and our interest to provide artificially that 
which they seek to secure naturally. Whether it be 
the cold piercing wind which penetrates the fleece 
and chills the body of the animal, or whether it be 
the moisture arising from lying on the wet soil, 
in each case the warmth of the animal is drawn upon 
to rectify, in some degree, the mischief, and that 
causes a waste of food, even if it does not establish 
a diseased condition of the body. 

The practice of folding not only influences the dis- 
tribution of the manure, but in some cases it in- 
creases the quantity produced. This is notably 
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the case in feeding clovers and other growing crops. 
As each portion of the field is successively folded 
off and then cleared of stock, an immediate and an 
uninterrupted gjowth takes place; whereas, if 
the sheep have a freedom to run over the entire 
field, they continue eating the youngest growths in 
preference to that which is older, and which con- 
stitutes by far the greater portion of the feed. It 
is needless to say that this mode of eating the crop 
must prejudice the growth during the time the sheep 
are on the land. In one case the growth is checked 
for four or five days ; in the other case probably for 
four or five weeks, or as long as the crop in the field 
is being eaten. In consequence of a smaller gjowth 
of herbage, a smaller quantity of manure must 
be produced. This deficiency of growth is necessarily 
accompanied by a decreased absorption of fertilising 
matter from the atmosphere, and a diminished pro- 
duction of very valuable organic matter in the soil. 
The growth of the clover under favourable circum- 
stances is accompanied by an increase of fertilising 
matter added to our soils, and a prompt feeding (or 
cutting) of the crop gives so much more time for a 
luxuriant growth. The several prejudicial influences 
resulting from the ordinary mode of feeding our 
crops of clover have also an important bearing upon 
the quantity of stock which the land is capable of 
maintaining. The .higher the productive power of 
the land, the greater will be the difference in the 
number of stock which can be carried under the two 
systems. The quantity of manure produced will also 
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show a wide range of difference, for under the one 
system the manure obtained will in some cases be 
about double the value of that produced under a less 
judicious course of procedure. 



CHAPTEE XXXIIL 

It is a well-known fact that all herbage plants become 
more and more nutritious as they advance towards 
full maturity. It follows as a natural consequence 
that when a growing crop is allowed to perfect its 
growth, not only is a larger growth produced, but 
the yield possesses a more valuable character. This 
can only be satisfactorily attained by preventing; 
all interruption in the growth, for if, whilst the 
crop is making the required advance, portions are 
eaten off long before they have arrived at their best 
condition, and other parts are trodden down and 
damaged, the entire growth is largely interfered with. 
Hence some have even gone so far in economising 
the food as to keep the field clear until the growth 
is nearly perfected, and then the crop is cut and fed 
off with the greatest regularity. The production of 
manure is greatly increased by such an arrangement, 
and the quality of the manure is improved, whilst 
at the same time the land has received a correspond- 
ing increase in the rich organic matters produced by 
the roots of a well-grown clover or fodder crop. 

Another mode of manuring lands is largely carried 
out in the neighbourhood of our downs, wolds, and 

M 
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common-lands. During the day the flocks graze 
upon the uncultivated grounds, and occasionally on 
other lands, and return at nig^ht to be folded upon 
land intended for corn, or even for roots. In some 
cases they are brought back to consume vetches, 
mustard, roots, etc. ; but in each and every case the 
tillage-land gains manure at the cost of the 
rougher gjazing-land. The shepherd takes care 
to move the flock about within the fold some short 
time before the sheep go off for the day, the object 
being to aecure a deposit of the manure within the 
fold where it is wanted. 

It may be desirable to glance for a moment at 
the general character of the manures thus added to 
the land. It will differ in composition according 
to the character of the food upon which the sheep 
or other animals may have been feeding. In the case 
of clover and similar highly nutritious crops, the 
manure will be far more enriching to the land 
than when the sheep have fed on poor and weak 
herbage of low quality. But we must not imagine 
that we shall always have such inferior results, for 
much of the grazing in the downs and wolds gives 
the sheep a good quality and sweet pasturage, even 
though it may be short It is the residue of such 
food, after it has yielded to the body that portion 
which is suitable and necessary, which passes away 
from the animal as manure. Hence the richer food 
gives manure more highly nitrogenised, whilst the 
phosphates have very generally been abstracted for 
the reguirements of the animal body. 
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The same principle holds good in those cases 
where sheep receive artificial food, such as com 
and cake, for here also the richer foods yield a 
richer manure. The money value of the manure 
produced from various articles of food ha^ been given 
(on page 154), and it is based upon very high 
authority. We have in fact an opportunity of enrich- 
ing land to a very great extent in this way, especially 
when such food is consumed upon dry land having a 
good holding character, which will prevent a loss of 
the fertilising matter so added. 

There is another form in which we have to deal 
with animal manures without straw, and this is met 
with when stock are kept upon open sparred floors 
without bedding. Some dry material, such as 
peat charcoal, burnt clay, peat ashes, or the ashes of 
weeds, is generally mixed with such manure to 
facilitate its distribution over the land. 

It is necessary before concluding these remarks 
upon farm-manures to refer to two systems under 
which farm-yard manure is made, viz. the box or 
pit system, and the stall system: under the 
former system the excrements and the litter are so 
kept within a pit that no separation of the solid 
and liquid portions of the manure takes place. An 
excavation is usually made from two to four feet below 
the level of the ground, and a water-tight bottom and 
sides are formed by masonry or otherwisa Litter 
is freely supplied, and a heap of manure gradually 
accumulates on which the animal rests with comfort, 
until at length it rises to the level of the ground, and 
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the bullock walks out ready for the butcher. Here 
then we have any separation of the manure prevented, 
and when the accumulation is removed it is generally 
found in excellent condition. Under the stall system 
the solid and the liquid portions soon separatCi 
and both demand special care to prevent loss arising 
during fermentation and storaga One objection 
which has been advanced against the box system is 
the larger quantity of litter which is needed, but on 
some farms this ceases to be objectionable. The 
character of the manure made under the box system 
is very generally admitted to be of superior quality 
for the same quantity of food used. 

The liquid manure largely separates under other 
systems of stall or shed feeding, and reference has 
already been made to the advantages of bringing 
back the liquid manure to the heap when fermenta- 
tion is progressing. The advantages of a moderate 
supply of moisture in the manure heap are so great 
that it must ever be remembered as an essential of 
good management. It very often happens that there 
is more liquid manure than can be advantageously 
used upon the solid manure. Hence some other 
means for employing the liquid manure has often 
to be foimd. It should never be allowed to run to 
waste, but distributed over any ground within easy 
reach. The use of liquid manure is in many respects 
exceptional in its character, and will be most satis- 
factorily dealt with when irrigation work comes 
under notice. It may, however, be mentioned in 
passing that it has been successfully used upon 
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almost every variety of soil and for all kinds of crops. 
The necessity for its dilution must be remembered, 
especially if it be used during the time of active plant- 
growtL The valuable constituents present in liquid 
manure rarely pay for carriage, and hence a gravi- 
tation supply to the land is generally accepted as a 
necessity of the case. Nor are we without evidence 
that the action of any given quality of liquid manure 
may be very generally increased by dilution ; but 
in the practical application of this experience we have 
to consider in the first place the cost of distribu- 
tion, and then increase the dilution in a manner 
somewhat proportionate to the freedom with which it 
passes through the soil. 

This addition of water effects a very desirable 
mechanical change in the liquid manure, but we 
must not overlook the fact of chemical changes 
taking place in it, whereby ammoniacal salts are 
formed. The early experience of its use tended 
rather in favour of the liquid manure being kept in 
tanks until after this decomposition had been far 
advanced and ammonia had been formed, but the 
great majority of these trials took place upon light 
soils. More recent experience favours the use of 
liquid manure, without keeping it in store to undergo 
such a decomposition. There is some ground to 
believe that just in proportion as soils possess those 
absorptive powers which guard against loss of fertil- 
ising matter, so such soils may be safely entrusted 
with liquid manure without any previous decom- 
position being waited for. 



166 THE SCIENCE OF [chap, xxxiv. 



CHAPTER XXXIV. 

Besides those faxm manures which are obtained by 
the consumption of crops by stock, and by the care- 
ful use of the excrement and litter, there is another 
group of manures obtained by using certain crops as 
direct fertilisers of the land. This is a means of 
enriching and improving the soil of this country more 
powerfully and to a very much greater extent than is 
commonly accepted by the great majority of farmers. 
The term Green Manuring, has been commonly 
applied to the system of growing a crop for the 
express purpose of ploughing it into the land as 
a manure before it has undergone decomposition, the 
green colour being generally retained by this vege- 
table matter up to the time of its being buried. If a 
crop wHch has grown upon a field be returned to it, 
it may at first appear very much like giving back to 
the land that which was really its own material. 
But there are distinct reasons, which explain the 
advantages that have been seen to arise from the 
practice. 

In the first place there is the advantage secured of 
plant-food being drawn from all parts of the soil by 
some hardy crop, and often it has been gathered from 
a depth in the soil to which our more delicate cul- 
tivated crops could not penetrate. Thus plant-food 
is rendered serviceable which was previously out 
of reach. Then, again, the plant-food is presented 
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to the new crop in a more complete form, by 
reason of its having been taken up into the previous 
growth of a plant. It may not be a suflficiently com- 
plete food to meet the full requirements of new crop, 
but at any rate very material progress has been made 
in that direction, and so much less remains to be 
done. The further advantage is gained, of such plant- 
food being presented in a gradually progressive 
manner. Just as the green manure becomes more 
and more decomposed in the soil, so will the in- 
organic matter it contains be released from imprison- 
ment, and be free for again entering into vegetable 
growth. Thus, although there may be no actual 
addition of inorganic matter to the soil, there are 
very manifest advantages gained. It is, however, 
more than probable that, during the decay of this 
green manure in the soil, the solvent powers of the 
carbonic and organic acids formed, results in a direct 
increase of the quantity of available plant-food. 

The greatest advantages obtained by the use of 
green manures must be acknowledged as resulting 
from the addition of organic matter to the soil 
The chief portion of the organic matter so added may 
be traced as coming from the atmosphere above 
the land, rather than from the soil itself. In this 
respect it contrasts in a very striking manner with 
the inorganic matters, which, being taken from 
the soil, are again added to the soil Here we have 
a distinct addition of new matter, capable of exert- 
ing very marked influences upon the fertility of 
the soil. In this way the field is enriched by an 
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increase of valuable nitrogenous and carbonaceous 
matter. 

Two very opposite classes of soil are improved 
by this system. The more general practice is observed 
upon thin poor soils, frequently sandy, but of very 
inferior fertilising power. In these cases by the 
growth of hardy crops, such as mustard, buck-wheat, 
and rape, or in fact any other crop suited to the dis- 
trict, as the lupin and borage, a largely increased sup- 
ply of organic matter is introduced into the soiL The 
advantages are quickly manifest, for the soil is thereby 
enabled to hold larger supplies of moisture, it 
can take in more gaseous matter and moisture from 
the atmosphere. Such soils may thus be progressively 
enrichedi and with the aid of some judiciously 
selected manure, they may become valuable tillage 
land. However great the advantages gained by this 
introduction of organic matter it still has its limits 
of usefulness, for it must be remembered that no 
addition of inorganic matter is thus secured. 
If, therefore, the soil should be deficient in some 
necessary constituent of plant-food — phosphoric acid 
for instance — ^however long the green manuring were 
continued this defect would not be remedied. 
Hence the importance of being informed upon the 
composition of the soil, for this would enable the 
work to be judiciously assisted and rendered more 
certain of success. 

The second description of soils on which the sys- 
tem can be successfully practised, are our heavy 
cJays. In these cases the introduction of organic 
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matter in the form of green manures exerts a very 
marked influence. Much of the extreme difficulty of 
cultivation is removed, by the soil being rendered 
less sticky and adhesive, by this intermixture of 
vegetable matter. It is a matter of common observa- 
tion that when such land has been laid down in grass 
for several years, the roots penetrate through the upper 
soil and divide it very completely, in fact changing it 
into the appearance of a garden soil The more fully 
such clay soils are broken up and separated by 
particles of vegetable matter, the more easy will 

the labour of working such a soil become, and the 
more fully will its fertility be promoted. 

The growth of clover root is one of the most 
general means of showing how greatly soils are im- 
proved by the presence of vegetable matter. It 
matters not whether it be upon light lands or heavy 
soils, or those of intermediate character, in each and 
every case we find the condition and the fertilis- 
ing powers of such soils improved and increased. 
It is a very important lesson which may thus be 
learned, and it should certainly lead us to value more 
highly the beneficial results arising from green manur- 
ing. In many other ways we obtain indirect evi- 
dence of this advance in fertility. It is not merely a 
difference which the eye readily detects in the appear- 
ance of the soil, but it is also shown by an increase 
in the productiveness of the land. 

There are certain points of character which 
should be possessed by any crops used for the pro- 
duction of green manures. Such a crop should h&v^ 
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powers of quick growth, in order that the land 
may not be detained about its own improvement 
longer than is absolutely necessary. A deep-rooted 
plant is also desirable, as fertilising matter can thus be 
gathered and drawn up from a depth below the ordi- 
nary level to which cultivated crops reach. It is also 
desirable that the plant selected should be hardy and 
vigorous in its habits of growth, for, having 
pioneer duty to perform, these qualities will be valu- 
able. Large leaves and a large extent of leaf surface 
are considered desirable, by reason of the additional 
opportunities for drawing upon the atmosphere for 
any fertilising matters it may contain. The character 
of the organic matter produced will also vary, but 
those crops which ]rield the largest quantity of 
nitrogenous matters will be the more valuable ; 
hence the general favour which is given to the clover 
plant as soon as the land is sufficiently improved to 
enable its growth to be successfully carried out. 



CHAPTER XXXV. 

The clover crop is in some respects exceptional 
from other crops grown for the purposes of gfreen 
manuring, because it is allowed to stand for a 
longer period before it is ploughed in. In the 
meantime it is not only making a growth above 

ground, but also beneath the surface. In 
noticing the cultivation of the clover crop, we are 



CHAP. XXXV.] AGRICULTURAL PRACTICE. 171 

forcibly reminded in our system of management of 
the fact) that the growth beneath the surface is 
largely proportioned to the growth above the 
surface. Hence it follows that if we desire to secure 
a large growth of root we must encourage the growth 
of the general crop by letting it stand for mowing. 
If the growth on the surface should be constantly 
checked by sheep feeding upon the crop, the ex- 
tension of the root suffers proportionate delay. 
It was for a long time a matter of surprise that 
farmers should assert, and with much confidence, 
that a double cutting of the clover was frequently a 
better preparation for the growth of a crop of wheat, 
than a single cutting of the crop, followed by sheep 
feeding the second growth upon the land. It was 
argued by some that the second growth being con- 
sumed upon the land, and much of it returned to the 
soil in the form of manure, must of necessity leave 
the land in better condition for wheat. Facts were 
as stubborn as usual, but the analysis of the clover 
root ultimately showed that it was rich in nitro- 
genous matter, and that the land very often 
gained more by encouraging its growth than by the 
manure added to the surface. 

The mechanical influence of green manures is most 
powerfully illustrated by this growth of clover root, 
exceptional though it be. In the whole range of 
agricultural experience it would be difficult to find 
more opposite influences arising from one agency. 
It is well known to every farmer that the clover root 
gives firmness to light soils, which without ita «ii 
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could not possibly grow wheat, and upon heavy clay 
soils it g^ives an open character which encourages 
the growth of the root of the wheat plant, and 
secures, in a great measure, its ultimate success. 
To the attainment of these two somewhat opposite 
results the use of green manures should be directed. 
Many of our crops incidentally furnish supplies of 
green manure to the land, as in the case of " roots " 
grown for consumption in the homestead, whHst the 
tops are left on the ground. The same thing is 
observable in growing the potato crop, when the 
haulm is left on the surface. These are only partial 
appHcations of the system, and, indeed, we find 
various similar modifications. There is a reluctance 
to bury as manure any crop, or even a portion of a 
crop, which can be used as food. It is a somewhat 
prevailing idea that sheep feeding upon vegetable 
matter render it more useful to the land by allow- 
ing the sheep to convert it into manure. In 
forming such an opinion, the facts are entirely over- 
looked that the sheep makes use of much of the 
vegetable matter for its own benefit, taking from it 
both organic and mineral ingredients, and using these 
in its own body. It may be said that this is a 
profitable use of the vegetable matter, and this may 
be perfectly true ; but it must not be forgotten that 

the soil has not received the same matter in 

both cases, still less has it become improved in some 
mysterious manner by passing through the sheep. 
Further than this, the mechanical influence of 
Buch veget&\>\Q matter has been altered. It is true 
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that in some cases^ as on sandy soils, this has some 
compensating advantages, but the rigidity of structure 
which is especially useful upon heavy clay soils is 
certainly lost. 

Two fonns of vegetable matter are largely used in 
this country as green manures which are not 
grown upon the land into which they are 
ploughed, neither are they grown for this special 
use, as in other cases. Sea-weed and fern or 
bracken are the substances referred to. Their use is 
of necessity limited to those neighbourhoods in which 
they are easily obtained, and with only a short 
carriage. On some of our coasts the sea-weed is 
very largely employed, and generally with great 
success. It is used in large quantities, and has been 
tried in contrast with good farm -yard manure. 
Many of these manure experiments are carried 
out under conditions which are so indefinite that 
they must be received with caution and reserve. 
One field trial may, however, be mentioned, in which 
about eighty tons per acre of fresh sea-weed was 
applied and immediately ploughed into the land. 
On another portion of the same field about thirty 
tons per acre of good farm-yard manure and 
three bushels of salt per acre were applied, but the 
resulting crops of wheat were largely in favour of 
the sea-weed. In fact, on many parts of the 
coast, and especially in some of the small islands 
around our coast, farmers depend very largely upon 
this source of manure. 

The fern or bracken has also been used with 
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success, and in neighbourhoods where it can be 
obtained at a small cost it will be found valuable 
for use as a green manure. It should be cut and 
used whilst still ^een, as it is more effective in 
this condition than when it has become dry. In 
some cases the fern is thrown into a heap and 
moistened with water, so as to cause it to ferment 
and become rotten. This will probably hasten its 
decomposition when added to the soil One interest- 
ing experiment may be mentioned here as illustrating 
the use of ferns. A field naturally barren and much 
exhausted came into the owner's possession. In an 
adjoining plantation there was an abundance of fern 
growing, and this was cut in the middle of June, and 
placed in a heap for a few days to encourage its 
decomposition before being spread between ridges 
for covering up with soil Another portion of the 
same field was manured with dung from the fold 
yard, and the field was sown with turnips. The 
early growth of the turnip crop was most rapid 
where the fern was used, and during the later 
growth of the crop this portion was distinctly 
marked by its stronger growth. This illustration 
of its use may serve to show that in the ferns we 
have a very useful source of manure, which is too 
frequently neglected. 

The use of green manures is likely to extend, and 
especially with the object of improving the condition 
of many of our poor soils. It is very rarely that the 
legitimate use of green manures has been carried 
out with sufficient perseverancei and still more 
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rarely has the system been assisted by judiciously 
selected manures. On some of our poor clay 
soils this is a system which promises many advan- 
tages, for any cheap and inexpensive means whereby 
draining such soils can be so supplemented by the 
introduction of vegetable matter into and 
amongst the particles of the soil, as to change or 
modify the ordinary adhesive character of these soils, 
is calculated to be a valuable help in their im- 
provement 



CHAPTER XXXVL 

In the use of lime the farmer has a very powerful 
promoter of fertility in the soil. It forms part of 
a series of natural manures which are exceedingly 
useful in encouraging the growth of farm crops. A 
very remarkable change is observable in its use during 
the last 30 or 40 years, for it is far less freely used 
now than it was then. It may be readily admitted 
that at that time its use was somewhat too free, or not 
sufficiently balanced by other manures, but it is more 
than probable that the practice of farmers has run too 
much to the Opposite extreme. Cheaper and less 
effective manures have been adopted, but with dis- 
tinct disadvantage to the production of com of high 
feeding character. 

There are two very distinct conditions in which lime 
is used upon the land. We have it in a very vigorous 
and quick condition, by reason of its having been 
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burnt) and we also use it just as it has been raised 
from the rocks or beds in which it exists naturally. 
It will be desirable in the first place to notice those 
forms of Hme which have been roasted or burnt. 
These are familiar to us, as the quick lime, the 
burnt lime, the caustic lime, used both by farmers 
and builders, and these are chiefly produced from 
limestone rocks, or from chalk, by what is com- 
monly known as burning in the kiln. There are 
various arrangements for carrying out this burning 
which cannot be referred to here, but all arrive at 
one common result, which should be clearly under- 
stood. 

In limestone and chalk we find lime united with 
another body, known to us as carbonic acid. There 
is a very strong attachment existing between them. 
They are therefore difficult to separate, and when 
they have been separated, they do their best to be 
united again. This fact will greatly assist us, in 
clearly understanding much that is peculiar in lime. 
To separate these two bodies fire has to be employed, 
and as the limestone and chalk cannot bum without 
some fuel being used, it is necessary to employ coal 
and similar matters to roast the limestone and chalk. 
This is usually done in kilns, the unbumt lime and 
coal being added at the top, and the burnt lime being 
drawn from the bottom. The change which has thus 
been carried out is the separation of the carbonic 
acid from the lime. The carbonic acid is driven 
off from the top of the kiln, and becomes dispersed 
in the atmosphere. We do not see it depart, because 
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it is as colourless as the air we breathe, but we know 
by the altered appearance and behaviour of the lime 
that the separation has been made. 

The lime is lighter after it has been burnt, because 
all the water and all the carbonic acid have been 
driven away from it. Its desire for water is so 
gfreaty that when a little water is added to the burnt 
lime, it is so rapidly taken into combination with the 
lime that great heat is manifested. Thus, when a 
mason slakes the burnt lime by adding water, it 
cracks and becomes very hot, and finally it becomes 
as finely divided as a powder. Whatever may be the 
use to which the builder has to apply it, we see 
that as soon as he has added sufficient water to 
bring the lime into this finely divided condition, he 
then covers it up with sand, or some other material, 
to protect it as much as possible from further change. 
In this state it is known as slaked lime or hydrate 
of calcium. 

The builder's experience has shown that if he de- 
sires to secure good mortar, he must protect his 
slaked lime from the atmosphere. If he does not 
do so, some carbonic acid from the atmosphere unites 
with the lime and forms a carbonate of lime, which 
does not make a sound and strong mortar. The 
carbonic acid which thus unites with the lime, will 
be remembered as the gas which was driven off in 
the kiln, and thus it will be seen that it was not 
only very unwilling to leave the lime, but very 
anxious to get back to it again. Thus, when 
burnt lime is exposed to the atmosphere tha ^jiv^^xv.- 

N 
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tages of burning are gradually lost. The mason 
knows this, and takes care of his lime, or else his 
work would be condemned, because he had made bad 
mortar ; but it will be seen that the farmer, who 
is careless about the protection of his burnt lime, is 
quite as great a loser as the mason would have been 
if he had neglected his lime. 

Here we have another instance of " out of sight, 
out of mind." The mason would soon see the 
result of neglect, but the farmer does not see 
the waste he has made, and perhaps naturally hopes 
it will all come right in the end. If he could see 
the loss he suflTers of a valuable and expensive manure, 

he would soon adopt a good S]rstem. We 

should no longer see the lime drawn out and placed 
on small heaps on the land, and there left to be 
attacked by the carbonic acid in the atmosphere. 
Some farmers know the value of lime, and avoid 
such waste. They have a supply of water sent after 
the lime-cart, and as soon as the heap of burnt lime is 
made, it is slaked, — ^just as a mason would do it, — 
and then covered with some earth. In this way its 
safety is fairly secured until it can be spread upon 
the land and harrowed in. There is a very good 
reason for harrowing in the lime as soon as it is 
spread If it were allowed to remain on the surface 
it would soon be turned into carbonate again, by the 
carbonic acid in the air ; hence it is immediately 
harrowed into the soil, and the lime exerts its 
powers usefully. The first reason for harrowing in 
the lime is to set it to work at once without waste, but 
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there is another reason. We want the lime covered, 
but we must not cover it in deeply. The harrow 
sends it into the ground deep enough, but not too 
deep. If some one should plough it into the land it 
would be buried too deep, for at whatever depth it 
happens to be buried the lime manages to work itself 
down to a lower level. If the lime starts at a low 
level, it is less useful to the soil, and is much sooner 
too deep to be of full service to the growing crop. 
Thus the lime is buried in the soil as soon as it is 
spread, but still kept in the upper soil 

When lime used to be applied more freely than it 
is now, and less care was taken of it, it was not un- 
common for a large quantity of lime to sink beneath 
the ploughed soil and work its way into the plough 
pan, forming a lime pan or calcareous pan. These 
pans often became great impediments to cultiva- 
tion, especially when this work could only be done 
by horses and bullocks. With the steam-plough and 
steam cultivators of the present time, we should have 
no difficulty in breaking up any such obstacles, and 
securing a clear passage for air and water. But pre- 
vention is very much better than cure, and the 
fact that we can correct the difficulty must not en- 
courage a wasteful and undesirable practice. 
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CHAPTER XXXVII. 

The two conditions in which lime is used upon 
the land — ^namely, after burning, and also in its 
natural condition,— enable us to select it in that 
form which will be most suitable for any particular 
soil It is, however, very desirable that a clear 
knowledge should be secured of the action of lime in 
each of these conditions, so that there may be no 
doubt as to the form which will best meet the re- 
quirements which have to be dealt with. The burnt 
lime or quick-lime shall receive attention in the first 
place. The action which this body exerts upon 
the organic matter of the soil is one which is full 
of importance and interest. It will be remembered 
that lime in this caustic form is very powerful, and 
that it seeks to effect a reunion with the carbonic 
acid, which was forcibly sepiorated from it by the 
burning in the kiln, until it secures a full supply and 
has again taken the form of carbonate. When caustic 
lime comes in contact with organic matter in the soil 
its decomposition is rendered more rapid under 
the influence of the lime. As any organic acids are 
formed, so these combine with the lime, the structural 
character of the organic matter soon disappears, and 
ultimately the lime loses its caustic character, and 
chemical compounds of lime are formed. The first 
result of this action of caustic lime is to neutralise 
any acid bodies existing in the soil, and which 
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may have given the soil a sour character. The 
second result is a decrease in the quantity of the 
organic matter in the soil 

It needs not the evidence of a chemical examina- 
tion of the soil to determine whether or not the soil 
contains materials which render it " sour," for it is 
known alike to man and beast The harsh, tough, 
wiry growth is seen by the farmer, and his stock 
avoid eating it if more nutritious pasture is to be 
found. The mower finds that his scythe quickly 
loses its sharp edge, and the stock long for a 
** sweeter " pasture. This common use of the term 
^^ sweetness" as contrasted with << sourness/' 
shows a correct knowledge which has never been 
taught by chemistry. The term "sweetness" may 
not be exactly accurate, but as representing the 
opposite of " sourness " it is suitable and appropriate. 
It certainly indicates a more nutritious herbage, 
and one more relished by stock of all kinds. 
The closeness with which it is eaten, when there 
may be a long growth on other parts of the field, 
gives proof of a preference which is known to every 
farmer ; whilst the careful observer will often notice 
that the herbage produced under the action of 
lime, consists of an tcntirely different class of 
grasses, and that a race of more valuable plants 
have thus been enabled to establish themselves upon 
the land. This difference in the herbage, is one of 
the evidences of the improved fertility of the soil. 

We must not close our eyes to the fact that there 

is a decrease in the organic matter of the «ic^iL. 
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In those cases in which there is an abundant supply 
of organic matter in the soil this action is not objec- 
tionable, and in some cases it is really desir- 
able. This is especially observable when more 
healthy conditions of growth are thus established in 
the soiL There are, however, some soils, especially 
such as have a large percentage of sand — sands and 
sandy loams — ^which cannot allow the organic 
matter to be materially reduced without a con- 
siderable sacrifice of productive power. In such 
soils much of the power of raising water from the 
lower layer of the soil, much of the power of absorb- 
ing moisture and gases from the air, as well as much 
of the power of holding moisture and manure, are all 
influenced by the organic matter in the soil On 
soils of this character — sands and sandy loams 
— ^the use of lime in a caustic condition is very 
seldom desirable. Even upon stronger soils than 
these, the use of caustic lime renders a supplemental 
supply of organic matter very generally desirable. 
It is just one of those occasions, in which the use of 
burnt lime by reason of its violent action upon the 
organic matter, necessitates the addition of such 
matter to the soil by means of manure or by plant- 
growth. * 

We may for a moment stay to notice what would 
have been the difTerence in the action upon this 
organic matter, if we had used some milder form 
of lime instead of the caustic lime, say chalk for 
instance. In the first place, the action would have 
been slower, the acid character of the soil would 
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have been gradually correctedi and very much less 
of the organic matter would have been used up. 
The urgent necessity for restoring the organic matter 
of the soil would not have arisen. From this we 
may learn why it is some skilful farmers avoid 
the use of burnt or quick-lime. They see that 
something not quite so quick gives better results, 
and hence they select some form of lime in which 
this substance exists as a carbonate. Lime in each 
of these two conditions — ^bumt and in its natural 
state — has its proper duties to discharge ; but it 
becomes a matter of duty to apply it to the land in 
that state, in which it will be most beneficial and 
profitable. 

There is another duty which lime has to discharge, 
and this is one in which it is necessary to use it in 
the caustic condition as quick-lime. It has been 
necessary in some of the earlier chapters to refer to 
the " dormant " matter in soils, and to explain the 
necessity for changing it into an active condi- 
tion. For this work quick<lime is one of our most 
powerful agents, and by its aid alkaline matter, 
such as potash and soda, is released from its associa- 
tions, and brought into a condition useful for vegeta- 
tion. In the minute rocky particles of our soils we 
often, find some of the silicates of potash and soda ; 
when these are brought under the influence of caustic 
Ume, the potash and soda are partially displaced 
from their combinations with the silica, and the lime 
takes their place. The result is that these valuable 
fertilising substances are set free from a combination^ 
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which would have resisted the ordinary decomposing 
forces of the soil and of plant life, and are by the help 
of the caustic lime rendered useful for vegetation. 

Neither must we overlook the fact that just in 
proportion as lime promotes the decomposition of 
the organic matter of the soil, so does it thereby 
liberate the inorganic matter locked up in it. All 
such organic matter required for the purposes of its 
own growth, those various inorganic matters which 
were necessary for strengthening its own structure, 
and for enabling it to perform its own duties as a 
perfect organism. Its duties being now ended, de- 
composition sets in, and the constituent materials 
which had served all the purposes of life are now 
set &ee, to be built up into new forms of life, and to 
enter upon new conditions of usefulness. 



CHAPTER XXXVIII. 

Another duty which caustic lime discharges in 
the soil is assisting the formation of a very important 
class of bodies Imown as tiie double silicates. 
These substances have been already referred to, and 
it has been explained that the silicate of aluminay 
by some means or other,*^is induced to take in 
another associate, such as ammonia, or potash, or 
lime, or soda. Pure clay may be regarded as silicate 
of alumina, and in agricultural clay it becomes mixed 
with a variety of other substances, necessary to give 
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it powers of fertility. Under these circumstances it 
is very common for a small percentage of the 
clay — silicate of alumina — to take a somewhat 
modified fonxii and become converted into these 
double silicates. The various means by which these 
substances are formed are by no means clearly known, 
but there is good reason to believe that clajrs in- 
crease in fertility with any increase in the per- 
centage of these double silicates. As more is 
discovered as to the conditions which favour their 
production, we shall probably find that they are even 
more valuable assistants, than they are considered to 
be at the present time. 

These double silicates are as follows : — 

Silicate of alumina and ammonia. 

Silicate of alumina and potash. 

Silicate of alumina and lime. 

Silicate of alumina and soda. 
It will, therefore, be evident that we have to secure 
the introduction of a new partner in the firm. 
The great difficulty is to secure a commencement 
of the series ; this being accomplished, the change 
from the one to the other is a matter of choice, ac- 
cording to a known order of succession. The double 
soda silicate is the lowest in the series, and 
soda is the lowest favourite, for if either lime, or 
potash, or ammonia is presented in proper form, the 
soda may << go about its business/' and one of 
these higher favourites takes the vacant place. 
In the case of the double lime silicate just the same 
change occurs, if potash or ammonia comes forward in 
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proper form — the lime being released and a higher 
favourite joining in the new compound. But when 
we come to the double potash silicate, only one sub- 
stance — the ammonia — can turn out the potasL 
When it has reached the highest stage it is in the 
most valuable condition for promoting the growth of 
vegetation. 

The use of caustic lime upon clay has the effect 
of favouring the production of the double lime 
silicate, and the old-fashioned system of slaking 
caustic lime by the use of water in which salt has 
been dissolved, will probably encourage the work. It 
is, however, clearly desirable that further progress 
should be made, in obtaining a fuller knowledge of 
the means whereby these double silicates can be 
formed in the soil It may be that a cheap supply 
may ere long be available, for adding to sands and 
sandy loams as an artificial manure. We cannot 
adequately estimate the value of such knowledge, nor 
realise the difference it would make in the value of 
our poor clays or poor sands. 

We have another work to notice in the soil re- 
sulting from the use of lime, which is scarcely inferior 
in importance to the foregoing, namely, the produc- 
tion of nitrate of potash. This is a substance 
which is not purchased for use as an artificial 
manure, simply because its employment for the manu- 
facture of gunpowder gives it an exceptional value. 
The great value of this substance as a manure is still 
very well known. In by-gone years, when rail- 
ways were unknown, and wood was consequently 
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burnt in nearly all our farm-houses, the value of the 
wood ashes was known throughout the country. 
These wood ashes contained a considerable quantity 
of potash, and the desire for an abundant supply of 
this substance has long been the desire of farmers. 
The means for producing artificially a cheap supply 
of nitrate of potash was introduced into France by 
Monsieur Thouvenel in 1776, at a time when there 
was an intense desire entertained in that country to 
become quite independent of imported supplies of this 
important constituent of gunpowder. The difficulty 
was overcome, and enormous quantities were produced 
by a system known as Nitre Beds or Saltpetre 
plantations. It may be a matter of interest to some 
to be informed that in 1741 a patent was granted in 
this country to Thomas Harris for the production of 
" saltpetre or nitre " upon a plan very similar to that 
which was subsequently introduced into France by 
Monsieur Thouvenel, and for which he gained the 
Qovemment prize. In fact, as early as 1630 David 
Bamseye obtained Letters-Patent in England ^*to 
multiplie and make saltpeter in an open fielde in 
fower acres of ground sufficient to serve all our 
dominions." Other patents were granted for a simi- 
lar purpose in 1632 and 1691, showing that a con- 
siderable amount of attention had been given to the 
production of nitrate of potash. But it must be 
added that the arts of war appear to have stimulated 
its production, much more than the fertilisation of the 
soiL 

The principle upon which these nitre beds were 



188 THE SCIENCE OF [chap, xxxviii. 

fonned is a matter of interest to every farmer, because 
he has drifted into arrangements by which he is pro* 
ducing nitrate of potash, with little knowledge of the 
cause of a success which is generally satisfactory. 
Putting the matter in as simple a form as possible, it 
may be said that nitre beds are formed as follows : 
— Good earth is enriched by additions of sheep 
manure, or liquid manure, caustic lime is added, 
and the heap is occasionally turned over. Nitrate of 
potash is formed within the heap, and is separated 
by washing the earth. The changes which, take 
place are briefly these : the nitrogenous matters in 
the manure decompose so as to form nitric acid ; 
whilst the lime releases potash from its combinations 
in the soil, — just as mentioned on page 183; and 
by the union of the nitric acid and potash so pro- 
duced we have the much-desired nitrate of potash 
produced. 

The question will naturally arise, How does this 
arise in ordinary farm practice ) First, in the forma- 
tion of what are known as compost heaps, in which 
vegetable matter of various kinds is mixed with earth 
and quick-lime, with or without salt. Secondly, in 
the good old-fashioned system of putting farm-yard 
manure on the land at the time the land was 
limed. Many will no doubt remember the outcry 
raised against the good old custom, but success con- 
tinued to attend the work in defiance of all the warn- 
ings. The warning voices were in error, because there 
had been an oversight, which made all the difference be- 
bween success and failure. The farm-yard manurCi 
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having been spread on the land, was ploughed in. 
The quick-lime was then spread over the surface 
and harrowed in, so that the contact took place 
in the soil under conditions favourable for the 
production of nitrate of potasL If the lime and 
farm-yard manure had mixed on the surface of the 
groiind, much of the ammonia of the dung would have 
been dispersed into the atmosphere. Successful 
practice had thus drifted many a farmer into a sys- 
tem which was found to jdeld good results, but the 
why and the wherefore were unknown. Many 
will be disposed to make the further inquiry, If the 
system proved to be so successful, why do we see it 
80 rarely carried out at the present timel It may be 
said in reply that it has been gradually discontinued 
in favour of smaller outlays, quicker returns, and 
decreased profits. 



CHAPTEE XXXIX. 

Another reason for the application of lime is the 
fact of its being required as a food for plant- 
growth. Every crop we grow upon the land makes 
its demand for lime ; and if our crops are to be pro- 
duced in a luxuriant condition, and if we are to 
secure an abundant produce, there must be a sufficient 
supply existing in the soil in a condition ready for 
acting as plant-food. Thus far we have noticed lime 
as preparing other substances for becoming 
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plant-food, but now we have to regard it as being in 
itself necessary for taking its own share of duty 
within the plant* For this purpose lime is quite 
ready after it has served all its other duties. It has 
then become changed into the original condition of 
carbonate, and hence it is that whether lime has been 
burnt or not, it is in both stages competent for this 
duty. The chief supply of lime as food may be 
supposed to enter the plant as Carbonate of lime, 
dissolved in water containing carbonic acid, and 
this is generally the case in rain water. We may 
therefore accept this rule in reference to lime, that 
when it has to be used as a supply of plant-food, 
there is no necessity for its being burnt in the kiln. 
We have lime treated in this manner to prepare it for 
doing some of its work more quickly and more 
powerfully than it otherwise could, but it is ready 
for this duty of becoming food for plants when in 
the condition of carbonate of lime. 

There is another duty which lime discharges in 
soils which yet remains to be noticed. We have 
seen it actings chemically upon other materials, 
and we have noticed it as being acted upon by 
other chemical agencies, until it enters the plant in a 
clear and bright liquid. In its early influence upon 
the soil, the burnt lime exercises a strong me- 
chanical influence, which is especially observable 
in the case of strong cla]rs. These soils are said 
to become lighter under its influence. This does 
not refer to the weight of the soil, but to the 
horse power necessary for its cultivation. The 
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land is more easily ploughed, harrowed, rolled, etc., 
by the lighter condition given to it by burnt lima 

Although burnt lime is a most valuable manure, 
and does a great variety of work, we have lime 
in other conditions which is also capable of doing 
good work for the soil. There are many cases in 
which these other forms of lime meet the require- 
ments of some of our soils in a more satisfactory 
manner than the burnt lime could accomplish it. 
lime is ready for use upon our farms in the form of 
chalk, as marl, and as shell-sand. Each one of 
these has its own special capabilities, and for each 
there is a work waiting to be done. As a rule 
each of these are used within a few miles of the 
places where they exist naturally, but burnt lime is 
often sent to much greater distances. 

Chalk is capable of doing much of the work 
which is accomplished by burnt lime. It is quite 
capable of neutralising the organic acids in the 
soils, but it acts much more gradually. It also slowly 
assists in decomposing organic matter in the soil, 
but it does so in such a gentle manner, that it can be 
used with perfect safety on soils where the burnt 
lime would be most objectionable. It is also useful 
as plant-food on all soils. Its action upon the 
physical condition of heavy clay soils, although 
very different to that of burnt lime, is equally service- 
able as a general rule, because it is used in much 
larger quantities, and when properly applied it very 
quickly blends itself into these soils, and mixes 
with them. 
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Chalk is applied upon the surface of the land in 
the winter months, and the field which has received 
a dressing of chalk presents a very white, stony 
appearance. The chalk is dug out of the chalk-beds 
in a moist condition, and this moisture is not 
allowed to dry out of it by digging it in hot weather. 
The raising of the chalk is delayed until the winter 
has commenced, in order that the water may remain 
in the chalk. The first frost that comes upon the 
chalk changes the water in it into ice ; these 
particles of water as they become solid take more 
room than they did before — ^they become larger as 
they freeze. The result is that something must give 
place for the freezing water, and the particles of 
chalk are separated in the struggle. We do not 
see this so long as the frost lasts, but when the 
thaw comes the lumps of chalk fall into pieces, 
and are ready for mixing into the soil whenever a 
proper time comes for it to be done. 

If we disregard this influence of the moisture, 
great trouble frequently arises. Fields have often 
been dressed with chalk too late in the winter, or 
possibly the winter has been unusually mild, or it 
may have ended earlier than had been expected, and 
the farmer finds himself in an unexpected difficulty. 
The lumps of chalk remain upon the surface waiting 
for the frost ; but if it does not come, the chalk be- 
comes dry, and as it dries it hardens. The trouble 
thus caused to the farmer is beyond all description, 
but he never forgets the lesson as long as he 
Jives. As the summer advances the chalk gets 
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thoroughly hard and dry, and when the wet season 
again sets in the water soaks into it slowly and not 
very deeply. A frost is welcomed, but the work is 
far less perfect than before, for it is only the moist 
portion which is affected by the freezing. Thus it 
takes a series of showers and a succession of frosts 
to complete the breaking up of the chalk. 

There is much difference in various chalks as 
manures. It is true that where the mechanical 
action of chalk is alone sought for, there is no material 
difference observable. It is, however, a very general 
rule, that the most fertilising chalk is desired, 
for the sake of its better influence on the great 
majority of soils. Thus farmers have gained by ex- 
perience a certain knowledge — more or less indefinite 
— by which a preference is often given to beds of 
chalk, situated many miles more distant than other 
supplies. There was a time when farmers were 
thought to be in error in doing so, but micro- 
scopic examinations and chemical analysis have thrown 
a very valuable light upon the facts, and we now see 
the reason for a preference having been shown. 

Thus we learn that there are considerable dif- 
ferences in the character and composition of chalk. 
We find in some chalk beds numberless shells of 
the most minute character, and we also find consider- 
able variation in the phosphoric acid present 
Thus the experience of the farmer finds an ex- 
planation at the hands of those who have familiar- 
ised themselves with scientific research. Having 
regard to the many great and important truths em- 
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bodied in the experience of farmers in all parts 
of the kingdom, it cannot fail to cause a surprise that 
they have discovered so many truths which 
science unfolds to our view in its clearer light 

It should teach persons caution, in so very freely 
throwing censure upon well-established local 
customs, for many are the cases in which the hasty 
judgment of the stranger, has to be corrected by 
evidence accumulated through many a bygone year. 



OHAPTEE XL. 

There is a class of earthy matters commonly known 
2U3 marls, which are often used as manures for add- 
ing carbonate of lime to the soil They differ from 

chalk in the very variable percentage of car- 
bonate of lime they contain, for whilst chalk consists 
almost entirely of carbonate of lime, we sometimes 
find in marls as much as eighty per cent of this 
substance, and in other instances only two or three 
per cent. In the case of chalks we are, for all 
practical purposes, securing a supply nearly the whole 
of which is carbonate of lime ; still it does con- 
tain some impurities, and these are sometimes valu- 
able. In the use of marls we have no similar 
certainty as to their composition, because they are 
so very variable in their ingredients. It would, 
however, be a serious mistake to imagine that for 
this reason they are not valuable as manure. On 
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the contrary, in the neighbourhoods where these 
earthy beds exist, there is, generaUy speaking, a 
tolerably accurate idea prevalent as to their value 
upon different soils. Here we have more or less 
imperfect information arising from the use of such 
marls upon the farms around. At the best such 
information is only of local value, and strictly 
limited to the materials which have been experi- 
mented upon. 

As soon as we have these marls examined, and 
their composition made evident by chemical 
anal]rsiS| we then begin to see why the different 
marl beds have gained a greater or a lesser 
reputation. In the following table we have the 
analyses (made by Professor Way) of three of these 
marls, and they may be taken as illustrating some 
of the variations in composition which are found 
in these fertilisers. 

The information given in this table of analyses is 
not supposed to be remembered in detail, but there 
are certain lessons which may be borne in mind with 
great advantaga In the first place we see how 
great is the variety of substances found in some 
of our marls. Then we see that the presence of 
phosphoric acid and potash in the green marl in 
so large a proportion, is sure to make it a valuable 
manure. We may also note that in this marl nearly 
the whole of these two fertilisers are soluble in weak 
acids, and we may learn from this fact that when 
they are added to the soil, they would be easily 
made useful for plant-growth. Anothe.t t<^ 
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markable feature in this marl is the large percentage 
of silica in an easily soluble form. 
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The other two samples of marl (the gray marl and 
the chalk marl) do not differ from each other, as 
much as the first did from both. These are marls 
which contain a large percentage of carbonate of 
lime, and the other substances which are intermixed 
form but a small portion of their bulk. Even here 
we see a larger proportion of fertilisers in the gray 
marl than in the chalk marl. The action of these 
marls when applied to the land would differ 
according to the useful character of the substances 
they contain. It need be no matter of surprise that 
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those who have used marls varying in com- 
position and quality, should observe proportionate 
differences in the results. Experience thus gained is 
valuable, but chemistry explains why they have been 
more or less successful, and in many cases it will 
show a cheaper source of supply for the same materials. 
The use of marl is often adopted for other 
reasons than the simple addition of fertilising 
matter, for in many cases marls are exceedingly 
useful in altering the mechanical condition of 
our soils. In the case of soils having too much 
sand| and which are comparatively unproductive in 
consequence, we see very gjeat improvements 
resulting from an application of marl. The soil has 
greater power given to it for holding manure, for 
keeping a proper amount of moisture, and it 
becomes more productive by reason of the plant 
having a better supply of food and more favourable 
conditions of growth. The custom of using marls is 
one of very great antiquity : it was stamped with 
success many centuries before we knew the 
causes which led to that success, and it is by 
no means improbable that we may again find it wise 
to return to their more extensive use. It has been 
an increasing fashion of late years, to insist upon 
a supply of fertilisers which will act with great 
rapidity. The fact is that the quality of the 
produce has been injured, and has in far too 
many cases been entirely overlooked and sacrificed 
for securing rapidity of action. So long as all 
the conditions of successful growth are full^ ^^^^ 
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vided, there need be no objection raised to rapidity 
of action ; but just in proportion as a high pressure 
S]rstem of production may be adopted, so does it 
become the more important to take care that we do 

not overlook any of the essentials of success. 

Another natural manure of the same group 
remains to be noticed — the shell sand. In some 
districts this is a very useful and valuable fertiliser, 
but its use is very largely limited to places within 
easy reach of the deposits. These exist upon various 
parts of our coast ; but of these the accumulations 
on the coasts of Cornwall and Devon, on the western 
coasts of Scotland, and on the northern coast of 
Ireland, are the largest. This sand consists of finely 
broken shells, and is composed chiefly of car- 
bonate of lime, occasionally intermixed with small 
quantities of animal matters. 

The series of natural manures in which lime 
forms the prominent constituent are certainly of 
great importance to the agriculturist. We have seen 
that in many instances they are powerful agents, 
which, when they are imprudently used, are 
capable of doing much Injury to the soil. They 
are also very valuable promoters of fertility when 
prudently employed ; but the important truth 
must never be lost sight of, that just in proportion 
as we use lime upon our ordinary soils, under con- 
ditions which make it more than usually stimulating, 
so is it likely to become very exhausting to the land, 
unless we secure a good supply of farm-jrard 
WBnure to balance the demand made upon the soil 
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PART THE THIRD. 
♦♦♦ — 

CHAPTER XLI. 

Artificial Manures are of comparatiyely recent 
introduction, but their use has become very extensive. 
It appears scarcely possible that within a period of 
about forty years, this class of manure should have 
been introduced and secured such a powerful hold 
upon the farmers of England. It certainly tends to 
show that these manures were needed, and that they 
have done good service upon the soil. The first 
consignment of Peruvian Guano consisted of thirty 
bags sent to Messrs. Myers and Co. of Liverpool in 
1839, and when the Royal Agricultural Society of 
England held their meeting in Liverpool in 1841 a 
sample of the first cargo was exhibited by Messrs. 
Skirving of Liverpool as a novelty. Here then we 
notice the commencement of a new branch of com- 
mercial enterprise, which has grown to gigantic pro- 
portions, and allowed of many large fortunes having 
been made, by the profits which it yielded to those 
engaged in the business. 
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The Peruvian Guano must be allowed to have 
held a distinguished position from the period of its 
introduction into this country. From a very early 
period in its history, it was reserved for tolerably 
direct sale to those who were ready to use it upon 
their farms. Thus the manure was held free from 
adulteration, consequently for a long period it was 
not only the richest^ but relatively the cheapest form 
of artificial manure. What would be thought now 
of a manure containing, on the average of 32 cargoes, 
17 per cent of ammonia, besides from 20 to 30 
per cent of phosphates ? Even now it would be 
worth above £20 a ton, and it is therefore no wonder 
that so many millions of British gold have been paid 
away in exchange for it. 

This manure is the excrement of sea -fowls 
which accumulated through centuries, without being 
injured by rains. It was found on the islands off the 
coast of Peru in enormous quantities ; in fact some of 
the deposits were over 200 feet in depth« The 
richest deposits were first used, and the present 
supply is of less strength than formerly, and is 
consequently sold for less money. It is pre- 
eminently an ammoniacal manure, and the phos- 
phatic material with which it is intermixed exerts 
a secondary, but still a very important influence. 
Much of its early success may be traced to the fact 
of both of these manures being thus blended in the 
same material. The ammonia was rather less active 
than some ammoniacal preparations of more recent 
date — as, for instance, sulphate of ammonia — ^and yet 
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it was quite fast enough for any land Then again 
much of the phosphate had been changed from the 
somewhat insoluble form of bone earth into a more 
easily soluble form, and the consequence was that 
both were ready for tolerably prompt action. The 
influence of this early supply of Peruvian guano upon 
strong clay soils was unequalled by any oppos- 
ing manure. It could only be purchased by cash 
payments, and this checked its use ; but when the 
means for purchasing were at command it may be 
safely said to have been << the favourite manure " 
for strong clay soils. 

Upon lighter lands it did not maintain an equal 
supremacy, but even here it was found exceedingly 
valuable, and at the present time the Peruvian guano 
maintains a very high character. The circumstance 
which limited the sale was the cash terms on 
which alone it could be sold; whilst the great 
majority of competing manures were sold on 
crediti which naturally compelled many to select 
that for which the payment could be postponed On 
the other hand the integrity of the Government 
agents was — and is— a sure safeguard as to quality. 

Bones had been used upon land in a more or less 
broken condition before the introduction of the 
Peruvian guano, but there was such slowness about 
the results that the expenditure was almost looked 
upon as a permanent investment to be made by 
the owner of the land, and on which the tenant paid 
an annual interest Gradually the size of the bone 
was more and more reduced, resulting in more 
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and more rapid returns. It was even then a 
very slow work, and the contrast of the brilliant dash 
of the Peruvian guano led persons to desire some- 
thing more active. The discovery which liebig 
had made met the difficulty, for he introduced a plan 
of treating bones with sulphuric acid, and thus pro- 
ducing what was known as ^^ Dissolved Bones " and 
afterwards as " Superphosphate of Lime." 

The change which was accomplished is exceedingly 
simple, and needs but little attention to understand 
it. The principal ingredient in bone is phosphate 
of lime, and this is a substance which consists of two 
bodies — phosphoric acid and lime. There are 
three compounds consisting of these two bodies, 
which differ in character because they are combined 
in different proportions. If, as is usually the 
case when bone has not been treated chemically, the 
phosphoric acid has three equivalents of lime 
combined with it, then we have slow decay taking 
place. But if by any means we can remove two of 
the equivalents of lime, and leave only one behind, 
then we have a form of phosphate of lime which 
dissolves in water very rapidly. For this reason 
also when it was used upon the land as a manure the 
crops grew very rapidly, and the money ex- 
pended in the purchase was very quickly repaid. 
Here then we had a manure which could act as 
quickly as the Peruvian guano, and these manures 
naturally became rivals for favour. 

This active form of phosphate was soon known 
bj another name — superphosphate of lime — and 
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it was so called because the phosphoric acid which 
belonged to three equivalents of lime had thus been 
concentrated upon one of lime, and this con- 
sequently had an over-dose of phosphoric acid, 
giving rise to the term super -phosphated lime. 
Thus the superphosphate of lime and the Peruvian 
guano became the contending rivals for public favour. 
Scarcely had the contest begun before the im- 
portant discovery made by Dr. J. B. Lawes — that 
he could obtain phosphate of lime from rocks as well 
as others could from bones — came into operation. 
For a time it was doubted, but the truth was 
eventually confirmed, and few can estimate, even 
approximately, the enormous advantages which 
the public derived from this discovery. The new 
product was known as mineral superphosphate of 
lime, as distinguished from bone superphosphate of 
lime. The limited supply of bone would soon have 
caused the price to advance to a very high rate, but 
as soon as it was known that phosphate could be 
found in rocks, and other deposits, large suppUes 
were soon found. Prom various parts of the world 
these supplies were forthcoming. Spain, Portugal, 
Germany, West Indies, and United States, competed 
for the supply of the unmanufactured phosphates, and 
the price was moderate. Year by year the re- 
quirements increased, manufactories were enlarged, 
and became more numerous. When the race had 
fairly begun, the pace was so persistently quickened, 
that at length in every market town in the kingdom 
clusters of manure agents encouraged the fta»U q»^ 
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artificial manures, under the pleas — of personal 
favour to the seller — the very great advantages of 
having what he recommended as the best manure — 
a low price — and with a considerable allowance of 
credit. 



CHAPTER XLIL 

The various inducements which were held out for 
securing orders for various manure firms, and the ease 
with which superphosphates were obtainable, did not 
prevent many a loud and strong protest. Many 
of those who had used bone before the dissolved bone 
or superphosphate became so general, continued to 
hold to the opinion that if they could have bone 
supplied in a sufficiently fine condition^ they would 
give a distinct preference to this form of phosphate. 
As time rolled on the numbers steadily decreased of 
those who had any personal knowledge of bone as a 
manure. It is only fair to say that the strongest 

protests came from the sandstone districts, in 

which the decomposition of bone took place freely. 
The complaints and remonstrances of the few — ^were 
lost amidst the success of those who relied upon 
superphosphate and other very active manures. 
One curious circumstance was observable amongst 

those who were reluctantly compelled to use 
the superphosphate, for their desire was to have 
some which had been made in the previous sea^ 
son. They had no reason for making this prefer- 
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ence, other than the fact that they found it more 
effective on the land than newly-made superphos- 
phate. We know by chemical examinations that 
there are material differences in the composition of 
superphosphate consequent upon this storage. If a 
genuine bone superphosphate be placed in store for 
six or eight months, we find that the percentage of 
phosphate which is in a soluble condition decreases 
considerably. It might, when first made, contain 28 
per cent of phosphate in a soluble condition, but after 
keeping it for some months it might only contain 18 
or 20 per cent of phosphate in a soluble condition. 
It was in consequence of this (apparent) loss that 
such superphosphates were known as ^'re- 
duced" superphosphates, and it was these <' re- 
duced " superphosphates which were very often 
most highly valued. 

The standard of valuation on the market 
was the percentage of phosphate in a soluble 
condition ; hence such '' reduced " superphosphates, 
if sold by the accepted standard, involved loss to the 
manufacturer. The fact that in this ''reduced" 
condition the manure became more valuable to the 
farmer was thus rendered a matter of secondary 
moment ; the manufacturer was compelled to pro- 
duce it in that form which met the market require- 
ments rather than the farmer's. The contest con- 
tinued for many years, and a loss was in many cases 
thrown upon farmers, and often upon the manufac- 
turer also, by the standard of valuation being the 
percentage of phosphate in a soluble condition. 
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Gradually the manufacturers adopted the plan of 
using an excessive quantity of sulphuric acid, 
and thereby the " reduction " of the superphosphate 
was prevented. The manufacturer found that it 
was a smaller loss to waste sulphuric acid than not 
to be paid for that portion of the phosphate which 
had " gone back " in the strengtL In January 1873 
the author drew attention to this subject by a paper 
read before the Royal Dublin Society, in which the 
following remarks appear : — 

" Under certain conditions of soil and climate, we 
shall doubtless find it desirable to carry forward the 
manufacture (of superphosphate) as at present ; but 
it may be stated, with equal confidence, that under 
other circumstances this will not be dona This, 
however, can only be determined by a series of care- 
ful experiments in the field. Embodied in this 
question there is an annual saving for the manu- 
facturers supplying the United Kingdom of from 
£100,000 to £200,000 ; and for the consumer prob- 
ably four or five times that amount It is, there- 
fore, a very serious and important matter for both 
parties. That there are diffictdties connected with 
the estimation of these " reduced " superphosphates 
no one for a moment doubts ; but difficulties, when 
they are discovered, receive but one treatment — ^they 
are surmounted. To carry forward the manufacture 
beyond what is, in the opinion of the maker and the 
buyer, most desirable, simply to meet the present 
accepted mode of estimating the value of super- 
phosphates, is so manifestly against public interests. 
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that when the truth is recognised the practice most 
cease." 

We have advanced considerably since that time, 
and the ** battle of the gauges " is now being 
renewed in the form of deciding upon the relative 
advantages of a greater or less solubility of the 
phosphates used as manures. Most heartily may the 
Aberdeenshire Agricultural Association be congratu- 
lated upon the great success which has attended the 
experimental research carried out by their able 
chemist^ Mr. Thomas Jamieson. Other societies and 
experimenters are nobly following up the inquiry. 
During the last season (1880) a very interesting 
experiment was tried by Mr. J. H. Thursfield (Bar- 
row, Shropshire), which may be here recorded as a 
somewhat typical example. He had for several years 
found decided advantage by '^ reducing " the super- 
phosphate for his own use, as he could not purchase 
^ reduced " superphosphate. He adopted the excellent 
plan of adding one ton of quarter-inch bone to every 
two tons of superphosphate. The bones are mode- 
rately moistened, and then mixed into a heap with 
the superphosphate. In a few days great heat was 
produced, and this heat continued, but after five or 
six weeks the manure was ready for use. The prac- 
tical result of this action is to reduce the solubility 
of the superphosphate, and increase the solubility of 
that of the bone. The superphosphate was im- 
proved as a manure, but it was spoilt for 
anal]rsis by reason of its having so little phosphate 
remaining in a soluble condition, and this is necessary 
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for the market standard. It would occapy too much 
space to go into fuller detail, but the result preyed 
that 27s. expended in this manure produced as heavy 
a crop of swedes, and of as high-feeding quality as 
45s. 6d. spent in other artificial manure of high 
quality, with ten loads of good farm-yard manure in 
addition. This is no solitary case, for much con- 
firmatory evidence has already been given,^ and more 
will be forthcoming. 

This is not a question of any attack on the vested 
interests of the manure trade, but it is the adoption 
of measures calculated to promote the welfare of a 
very much larger vested interest engaged in the cul- 
tivation of the sbiL If those engaged in the manure 
trade are not checked from exercising their judgment 
— ^which is singularly extensive — ^by market stand- 
ards, which are objectionable, they will be as anxious 
to produce that form of manure which will be most 
beneficial, as the farmer will be desirous of purchasing 
it. That there has been a vast amount of good work 
already done by the aid of chemically-prepared ma- 
nures cannot be doubted, but it may be very safely 
asserted that we are only on the threshold of the 
work. The success of the past has rather ** rushed" 

us on too fast to make thoroughly safe work; 

the present times of difficulty have made all of us 
pause and consider whether we cannot improve 
and, if possible, perfect our system of manuring the 

' The experimental researches carried ont by D. v. Eoth (BiecL 
Centr, 1879, 805), and those of A. Petermann (Sied, CerUr, 
1880, 87) may be especially mentioned. 
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land. The greater the success which may be attained 
in this direction the better for the agriculturist, and 
his abiKty to expend money in the purchase of arid- 
ficial manures will increase with such success. If 

the farmer's success be made the chief objecti 

the work done will equally benefit the vested inter- 
ests of those engaged in the manure trade, and hence 

the sooner all idea of an]rthing like opposing 
interests is set aside, the better for all interested 
in the welfare of the land 



CHAPTER XLIII. 

Before leaving the consideration of the preparation 
of bone and other phosphates of lime, it is necessary 
to notice the strong tendency of the evidence we 
have received from those engaged in the cultivation 
of the soiL The desire which was entertained by 
many who had used bone as a manure to continue 
its use, but in a finer and softer condition) led to 
its being softened by fermentationi and more re- 
cently has led to its being treated with super-heated 
steam. In both of these cases the phosphate of the 
bone is presented for plant-growth in a very con- 
venient form, and ready for early use by the growing 

crop, without being in that very soluble form 
which induced the plant to make a growth far 
too rapid for its future well-being. Then again we 
have the preference shown for "reduced" super- 
phosphate — ^we will not say in all cases — but at any 

P 
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rate in very many districts. These facts render it 
necessary that mention should be made of a form 

of phosphate which is intermediate between 
the very soluble phosphate produced in super- 
phosphate of lime and the very slowly soluble 
phosphate of lime existing in bone, and in mineral 
phosphate. This intermediate form is a slowly 
soluble 'phosphate, and it is that which is produced 

in the soil when bones undergo a natural de- 
composition by the assistance of rain-water and 
atmospheric air. When Liebig endeavoured to 
produce artificially and in a few hours, that which 
takes place naturally in the course of months or 
years, he did not imitate the model with ac- 
curacy. He produced a form of super-phos- 
phate of lime, in which only one equivalent of lime 
remained, but this is never produced in the soil 
under the natural decomposition of bone. He over- 
shot the mark, and he over-manufactured the 
material; hence it is that when it ^' goes back " and 
becomes a ^' reduced " superphosphate, the experi- 
enced farmer detects an old friend, and wishes to 
renew the acquaintance. There is a perfect consist- 
ency on the part of the cultivator of the soil, 
and although he values a supply of phosphate, he very 
often desires it in that intermediate condition of solu- 
bility which he knows to be most suitable for his land. 
Many of the experimental trials between the (so- 
called) insoluble and soluble phosphates are carried 
out under conditions which will probably delay 
the final conclusion, but cannot possibly arrest it. 
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The mineral phosphates which are used are very 
frequently varieties which have been specially 

selected for manufacturing purposes, because 
they do not cause a waste of sulphuric by reason of 
the carbonate of lime, etc., which they contain. This 
is not a desirable form of mineral phosphate for 
the trial, for even if the trial goes against the unmanu- 
factured phosphate, it must be appealed against when 
the best form of phosphate is made use of. It may 
be said that that form of mineral phosphate which 

is rejected by manufacturers (and also by 

shippers at present) because the phosphate of lime is 
in association with carbonate of lime and iron oxide, 
will in all probability be the most satisfactory 
to use in an unmanufactured form. However fine 
the phosphate may be ground, a period does arrive 
when we have to deal with the minute fragments to 
which it may have been reduced. If such particles 
are like some of the ground Canadian phosphates, — 
small, but still hard as glasSi — ^it is evident that 
the rate of solubility must be excessively slow. 

But if such minute particles contain still more minute 
portions of carbonate of lime and iron oxide, these 
become dissolved out, and in doing so their removal 
will favour the solution of the phosphate which is 
left behind. The fundamental truth on which success 
in the trials now going on must ultimately turn, is that 

some mineral phosphates are better adapted 

than others for use in an unmanufactured condition. 

We must also recognise the fact that there are 

other forms of phosphate, besides the phosphates of 
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lime, which must sooner or later command considera- 
tion. Phosphates of alumina and iron cannot be 
kept in the background. These have their regular 
spheres of action, and these must be determined. 
During the summer and autumn of 1880 some ex- 
periments on the growth of swedes were carried out 
at Felhampton Court, Shropshire, by John Hill, Esq., 
the President of the Marshbrook Agricultural Society, 
which throw a ray of light upon the action of the 
phosphate of alumina. In this case redonda phos- 
phate (which is a phosphate of alumina), ground to 
a fine powder, was tested against superphosphate, 
superphosphate reduced by bone, and also by mineral 
phosphate, and against superphosphate strengthened 
by sulphate of ammonia. The trial was conducted 
with every care, and the results were as follows : — 



I 



3 



6 
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/ 
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Manure sown per Acre. 



5 cwt. Snperphosphate 
5 cwt. Ifedonda Phos- 
phate, 2} cwt. Super- 
phosphate 

2} cwt. Superphos- 
phate, 119108. JBone 
Meal 

5 cwt Superphos- 
phate, 108 lbs. Sul- 
phate of Ammonia 

24 cwt Supeiphos- 

Shate, 2} cwt Be- 
onda Phosphate 
No Manure. 
5 cwt Bedonda Phos- 
phate 



Cost per 
Acre. 


Ftoduce 
per Acre. 


20s. 


T. C. 
26 17i 


30s. 


25 


208. 


25 li 


40s. 


22 17i 


20s. 


26 


• • • 


7 6i 


20s. 


30 



Bemarks. 



Rather damaged 
by fly. 



Rather damaged 
by fly. 



Much choked by 
charlock. 
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Other instances might be given of the value of phos- 
phates of alumina and of iron, but this will serve as 
an example. We shall no doubt be able, at no very 
distant time, to use each and all of these phosphates, 
as and where they will do the best service ; but in 
the meantime it is necessary to recognise the fact that 
the fertilising properties are not restricted to any 
one kind of phosphate. 

In the above experiments we also see another ex- 
ample of the influence of the sulphate of ammonia. 
It is an exceedingly common idea that a good 

manure must be a good fertilisefi but in this 
trial (and there are very many others) we found that 

it was a good manure in the wrong place, and 

that it not only caused some decrease in the crop, but, 
from other observations taken, and which will be sub- 
sequently referred to, it was evident that it had pro- 
duced a swede of decidedly lower-feeding value. 
In the majority of trials which have been made with 
different fertilisers, the quality of the produce has 
not been sufficiently considered. A moment's 
consideration will show that this is a most important 
element in the calculation of the results. Many 
indeed are the cases in which farmers have pro- 
tested against the use of certain manures, knowing 
that the sheep did not progress upon the " roots " so 
grown as well as they should have done. They have 
not simply to obtain so many tons of produce, but 
rather to secure in the crop the largest percentage of 
sound feeding matter. 

The difficulties with which farmers have had to 
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contend have been most serious, but few, if any, of 
them have interfered more with their attaining to the 
highest success, than the mystery which has been 
thrown around some of the best manures which 
they have used If an agriculturist be an intelligent 
man, and if he knows what materials he has 
been usingi he will soon indicate which of the 
supplies may be most advantageously strengthened. 
The special manures prepared for certain crops are 
generally composed of well selected materials, and 
these are mixed according to the judgment of the 
manufacturer. But in order that they may provide 
for variations in the demands made by the soil, 

materials have to be added which are not 
always necessary, and to the farmer that is so far 
a source of loss, because he has to pay for some- 
thing which is not necessary for his land. 
Careful experiments will in a few years do much to 
satisfy any farmer upon the mixture of fertil- 
isers which he should use upon his farm, but there 
will always be room for improvement, and for the 
exercise of a true economy in the proper selection 
of artificial manures. 



CHAPTER XLIV. 



It is not many years since that analyses were fre- 
quently presented to buyers of artificial manures for 
their perusal, which were completely condemnatory 



OEAP. XLiv.] AGEICULTURAL PEACTICE. 216 

of the manures offered for sale. This was done to 
satisfy the buyer, by means of a document which he 
could not understand, and it therefore made little 
difference what were the details of the information 
which it ^mished. The time has gone by for such 
deception, but it has now taken a new form in the 
hands of some persons. For present purposes 
manures are often made to analyse well, — that 
is to say, the manures are made to analyse better 
than they really are. This is especially the case with 
some manures, in which the nitrogenous matter is 
supplied by substances of inferior value. 

Take a case in point. A manufacturer prepares a 
manure for a special purpose, and if he is allowed to 
supply it at fair trade terms, he can afford to, and 
very generally does, compound it of the best materials. 
If the buyer considers it too dear, he often practically 
forces the maker to sell it on analjrsis, and it may 
be that he cannot sell on such terms, because his 
materials are too g^ood and costly. Assuming, 
for instance, that prepared bone and dried flesh had 
been introduced into the manure because their action 
is so thoroughly good, yet to meet the conditions of 
analysis cheaper substitutes might have to be 
used, which would evade the claims of the analysis 
required. Cheap and very inferior substitutes are 
called in from absolute necessity, when the 
manufacturer would far rather have supplied the 
better quality manure. This is another misuse of 
chemical analysis, but this is not so much the error 
of chemical analysis as it is the fault of those who 
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do not use it with discretion. There are manures 
which the makers cannot sell on the basis of their 
analysis, especiallywhen the ordinary standard market 
values are to be made use o£ These special pro- 
ductions must be dealt with as exceptional pre- 
parationSi and they must not be forced under 
standards of valuation which do not apply to them. 
The improper use of chemical analysis in no way 
diminishes from the value which attaches to its fair 
and legitimate use. Exceptional preparations should 
be fairly described to the buyer as being exceptional, 
and, as a rule, good judgment will be shown; but the 
buyer must not think that under such circumstances 
chemical analysis is necessarily a fair arbitrator. If 
it be unwillingly submitted to, it may be with a 
determination to evade its test 

There is a large number of different materials sold 
upon the market as artificial manures, a description 
of which will be found in other works, and they are 
consequentiy not detailed here ; but it may be con- 
venient to notice that a great difference exists between 
those which enrich the soil and those which ex- 
haust it. An instance illustrating the latter case 
may be mentioned. Two feuiners occup3ring adjoining 
fields, of very similar natural character, purchased 
some nitrate of soda from a merchant It was 
applied in equal quantities and in a similar manner 
in both cases, but in the one case an excellent crop 
of com resulted, whilst in the other instance no 
advantage resulted. An examination of the circum- 
stances led to the conclusion that the one field was 
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in good condition, but the other was poor and 
exhausted. The use of the whip in the one case 
quickened the pace, but in the other instance there 
was not sufficient strength to respond to the stimulus 
given, and the advantages gained did not even pay 
the cost of the whip. In the latter case a more 
liberal supply of food (plant-food) was needed rather 
than the attempted flogging. It is not the only case 
we see of " more food less whip " being desirable, but 
it must be remembered that when the use of the whip 
is necessary, the consequent exhaustion of the soil 
should always be liberally provided for. 

A prudent and intelligent farmer will also recognise 

the true duties of an artificial manure. In his 
mind there is no rivalry between it and farm-yard 
manure. He knows that if he regards the farm-yard 
manure as containing ^^ some of the freehold," it 
demands every care and a proper return to the soil 
With all his care he cannot thus return to the soil all he 
has drawn from it, — ^therefore supplemental help is 
necessary; and herein he sees one of the duties 
to be performed by artificial manures. Cases will 
arise in which the distant and difficult transport 
of farm-yard manure, renders a light and portable 
fertiliser very much more advantageous. In the 
former case the artificial manure gave supplemental 
help, but in the latter instances it becomes a sub- 
stitute. 

But in selecting and determining the character and 
composition of the artificial manure, agriculturists 
even now naturally desire to follow on the lines 
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accepted by farmers fully thirty years since. If we 
let them know by chemical analysis what is present 
in a soil in a condition useful for plant-growth, they 
will soon make a judicious selection calculated to 
meet the deficiency existing in this soil. This 
is one of the most urgent necessities which the farmer 
now asks from chemical analysts, and it cannot long 
be refused. He wants to be informed respecting the 
composition both of the active and also of the dor- 
mant constituents of the soil he cultivates, and it 
will soon be a matter of surprise that he has 
had to wait so long for the information he SO 

urgently needs. 

The system of selecting suitable fertilisers should 
long ere now have been reduced to some more definite 
system, instead of its being, as is now so often the 
case, simply an attempt to supply an unknown 
deficiency. As a consequence we have the most 
conflicting results from our experiments in the 
use of artificial manures. Millions upon milHons 
have been lost by the purchase and use of unneces- 
sary materialSi and by neglecting to supply 
all that was required. It is the small supply 
of the smallest essential which limits the pro- 
ductive powers of the soils, and as we know more of 
our soils we shall probably find that instead of 

strengthening the weakest link in the chain^ we 

have often been suppl3ring new chains with a similar 
link still remaining weak and feeble. It is by no 
means improbable that cheap and inexpensive 
materials will, in special cases, become powerful 
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fertilisers simply because these alone were needed 
to make the land productive. . The instance already 
mentioned (page 92) in connection with Professor 
Wolff's experiment is just a case in point. An 
abundant supply of fertilising matter was present, 
and in an available form, but the plant was dying. 
A most minute supply of iron enabled all the 
rest to be utilised, and the sudden luxuriance of 
the plant reminds one of the action of nitrate of 
soda in the full springtide of the year. When we 
Mly understand the action of this nitrate our surprise 
will probably decrease, but meantime we may take 
Professor Wolff's experiment as a typical illustration 
of the absolute necessity of the supply being per- 
fect in all the requisite materials, whether they be 
cheap or expensive to purchase. Whatever be the 
supplies we may need it will be but prudent to pur- 
chase them on the best terms, but circumstances will 
probably arise when, as in Professor Wolff's experi- 
ence, a very inexpensive supply suddenly become^ 
of the g^reatest possible importance. We are 
safe in looking upon clear evidence as to any defi- 
ciency in the supply of plant-food needed for a 
crop, or for a series of crops, as one of the found- 
ation stones on which to construct some definite 
policy for the manufacture and employment of arti- 
ficial manure& 
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CHAPTER XLV. 

The practice of irrigation has a twofold influence 
on the soil : it adds fertilising matter to the land, 
and it produces an artificial climate in the soil 
In the first duty it constitutes an additional source 
of manure, and often of a most valuable character. 
Irrigation largely consists in passing water through 
the soil. It is not a mere saturation of the land, as 
we find in a swamp, but it is a supply of water which 
is continually in motion, and herein it may be 
contrasted with the water of swamp which is stag- 
nant. There is a great difference in the influence 
of water under these two conditions. When water 
is rendered stagnant in the land, the air which it 
contains is soon drawn upon by the vegetation on 
the surface, and when this has been accomplished 
the access of a fresh supply of air is impeded by 
the accumulation of water which remains on the sur- 
face. Stagnant water injures vegetation, and checks 
its growth by preventing the atmospheric air being 
useful for promoting healthy growtL Further than 
this the decompositions which take place under stag- 
nant water are unfavourable to vegetable growtL If 
we contrast with this state of things a steady current 
of water passing through the soil, we observe 
conditions which are eminently adapted for promoting 
healthy growth. The onward flow of water carries 
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a fresh supply of atmospheric air, the plant-growth 
is fayoored by a favourable decomposition of the 
various matters in the soil, and in addition to these 
conditions for healthy growth there is a constant 
supply of plant-food brought within reach of the 
herbage or crop. 

The waters which are used for irrigation purposes 
differ greatly in their composition, and they therefore 
differ also in the materials which they convey 
to the land for the use of the plants growing upon 
it. Spring and river waters are both used according 
to local necessities and the level of supply. All of 
these waters may be divided into two tolerably dis- 
tinct groups — ^namely, hard waters and soft waters. 
That peculiar character which we describe as hard- 
ness in water, is commonly known to us in its curdling 
influence upon soap, by the deposit of a crust in 
the kettles and boilers in which it may be heated, 
and by the difficulties arising from its use for cooking^ 
purposes. It arises from the carbonate of lime 
which it holds in solution by the aid of carbonic acid, 
and in some cases also from the sulphate of lime 
which it contains. The usual means which local 
waterers adopt for testing these waters is by the soft- 
ness of the feel to the hands ; in other cases by the 
use of soap. Some waters feel soft and almost 
gjeasy, and offer a striking contrast to the hard 
water, and it will rarely happen that there will be 
any difficulty in clasBif3ring any water. 

But both hard and soft waters contain other 
substances in solution ; potash, phosphoric acid^ 
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soluble silica, etc., are often present ; and hence it 
is that some waters hnng into the soil such large 
quantities of yaluahle fertilising matter. Some 
singular differences of opinion exist amongst 
those who are engaged in the management of water- 
meadows and those who construct them, so far as 
regards the value of water for irrigation purposes. 
If we take the western counties of England, we find 
a tolerably constant opinion amongst waterers, that 
soft water is alone valuable for this use. But 
in the counties of Wilts, Gloucestershire, and Hamp- 
shire, hard waters are freely used and with very 
great advantage. It has already been stated that 
the hardness or the softness of water does not give full 
information as to other fertilising matters which 
may also be found in water. This point of character — 
the hardness of the water — cannot be taken as a 
safe guidance, because, whether lime be present or 
absent, the water may still possess elements of fertil- 
ity. At the same time it is not safe to act in 
defiance of local opinion, without having some sound 
reason for doing so. If by chemical examination it 
could be shown that the water of a spring possessed 
certain fertilising constituents, it would be unwise to 
condemn it for irrigation purposes. Still, as a matter 
of prudence, local opinions are entitled to con- 
sideration and respect. The presence of trout 
in any stream is generally accepted as evidence of 
the water being good for irrigation. 

When a very large supply of water is passed 
through a soil, we are naturally led to consider how 
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it is that in its passage through the land any good 
results can arise. It may not unnaturally be thought 
probable that any plant-food in the soil would soon 
be washed out it, and carried away beneath soil, 
either into drains or into some porous rock beneath. 
Some thirty years have now elapsed since Professor 
Way's experiments were published by the Boyal 
Agricultural Society of England, explaining the very 
important action which takes place in the soil. It 
was shown by these experiments,^ that *' the influence 
of the water was felt long after it had drained from 
the land, and that it had left behind it in the 
soil a rich manuring of those elements which plants 
delight in." Materials dissolved in water and added 
to a shallow bed of soil were arrested by the soil 
during the passage of the water. When that valu- 
able fertiliser sulphate of ammonia was dissolved 
in water and added to the soil, the water passing 
from the soil contained sulphate of lime, the soil 
having secured the most valuable fertiliser and 
substituted another of less value. A solution of 
potash had very similar treatment in the soil, and 
the lesson which it taught was, that water contain- 
ing fertilising matter was deprived of its more 
valuable constituents as it passed through the soil, 

and that these matters were retained in the 
soil ready for plant-growth. If any base was re- 
moved from the soil it was a substitute for some 
other substance of greater f ertilismg value. 

An important application was soon made of this 
^ JotmuU, JRoyaZ AgrievJUural Society , 1850, page 879. 
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fact, by water being used as a means for distributing 
fertilisers over and into the land, instead of doing 
it by carts and hand labour. Mr. Robert Smith 
adopted this plan on some of the Exmoor hills on 
which it was desired to secure a good pasturage, but 
which needed manure to encourage the growth, and 
yet they were almost too Steep for any application 
even of light and portable manures. The plan which 
he adopted was to make use of a spring of water on 
some high portion of the land, and this was conveyed 
by water-channels to a convenient spot, so that 
manures could be added to it as it passed through a 
large tank. The water was then conveyed away in 
a small channel having a very slight incline, and 
thus the water was conveyed around any lower por- 
tions of the hilL A small piece of slate was used so 
as to block the passage whenever it was desired to 
make the water run over the edge and trickle down 
the hill, carrying with it the fertilising matter which 
had been added to it As one portion of the land 
was sufficiently watered, so the slate was removed 
from across the channel, and placed so as to turn the 
water over another portion of land. Mr. Smith went 
so far as to make a yard and shedding for stock at 
this high level, and wash all the fertilising matter 
out of the manure. It was found a very cheap 
and valuable means for distributing manure over 
lands which were difficult to enrich by ordinary 
means. The value of the arrangement, however, 
depended entirely upon the power of the soil 
to separate the fertilising matter dissolved 



CHAP. XLVi.] AGRICULTURAL PRACTICE. 225 

in ity for if the soil could not have done this, it 
would have been simply a means of wasting manure, 
and nothing more. It affords, therefore, a very good 
illustration of the absorptive power of soils, and 
the economic use of water as a carrier and dis- 
tributor of manure. 



CHAPTER XLVI. 

A VERY curious instance of land irrigation caused 
much surprise for some time by reason of its appa- 
rent contradiction to the views already expressed. 
In the Journal of the Royal Agricultural Society just 
referred to, the late Mr. Philip Pusey added a note 
to Professor Way's Report as follows : — " It is re- 
markable that Lord Hatherton's meadows are 
irrigated entirely from drains, the water of 
which has, therefore, already undergone this very 
process of filtration before it fertilises the land." 
The author visited this estate at Teddesley not long 
after this ; doubt had been raised, and the following 
are the facts of the case as reported^ by him in 1858. 
" About 200 acres of very wet land situated on the 
highest portion of the farm at Teddesley had for its 
improvement and cultivation to be thoroughly drained. 
In doing so several strong springs were tapped. These 
when combined produced a permanent and abundant 

^ B<Uh omd, West of JSnglcmd AgrictUtv/ral Society's JaumcU, 
1859, page 156. 

Q 
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flow of water. This stream has been conveyed to 
the fann buildings, where it works a mill-wheel 38 
feet in diameter, and gives a power equal to twelve 
horses. This power is employed for grinding com 
and malt, sawing, carpenter's work, chaff-cutting, 
threshing, and other farm operations. After being 
used in this manner, it is conveyed away for the 
purpose of irrigating 120 acres of meadow-land 
below. The originality of this application of water, 
which was previously productive of so much injury 
to the land when stagnant, but is now rendered so 
valuable as a motive power and for irrigation, is per- 
haps scarcely equalled. It is now some years since I 
personally inspected these meadows, but I do not 
consider the action of this drainage water to be as 
contradictory as has been represented. It appears 
to me that the explanation lies in the fact that many 
fresh springs which had never passed through 
the soil were conveyed away in the drains, and 
hence had not come under this influence. Had the 
entire quantity of drainage water passed through the 
soil from the surface, very different results would 
have been seen ; but if, as I believe, it arises from 
the fresh springs drawn off into the drains, the 
question no longer rests on the absorptive powers of 
the soil." 

Thus far the advantages of irrigation have been 
traced to the direct addition of fertilising matter, 
but another influence is often exerted by it, re- 
sulting in an artificial climate being produced in 
the soil Much of the water used for irrigation has 
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a higher temperature than the land through which it 
passes, and thereby direct warmth is imparted to 
the soil. We cannot trace any large share of the 
influence to this cause, but it may stin be regarded as 
one source of warmth to the soil. In fact, cases have 
been noticed in which the beneficial influences on land 
decreased a^s the distance from the spring increased. 

Most persons have noticed how freely vegetation 
is continued through the winter months, when the 
surface has been protected and shielded by any 
loose materials lying about on the surface. It was at 
one time thought to have arisen from the simple fact 
that these materials simply prevented animals eating 
the growth, which had been specially observed. This 
was definitely tested by Mr. Gumey, and the results 
of his experiments were reported in an article on the 
" Practice of Irrigation '* by the author, published in 
1869.^ Mr. Gurney found that if rods of wood, iron, 
or any other material, were supported within one 
inch of the surface, an increased growth resulted, and 
the greater the width of the covering material the 
more evident was the effect. Flags, rushes, straw, 
bushes, or any similar covering produced the same 
effect. Eeeds or wheaten straw applied over the 
grass at the rate of about a load or a load and a half 
per acre in a very short time increased the quan- 
tity of gjass to an incredible extent. The various 
grasses under these coverings were found to be 
healthy, and rapidly passed through their stages of 

^ Bath and West of England Agricultural Society's Journal, 
voL viL page 148. 
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growth — some growing, some flowering, and some 
seeding. One of Mr. Gumey's experiments was as 
follows : — 





Covered Land. 


Uncovered Land. 


Grass laid up April 15, cut 

May 30, produced 
Clover ley laid up May 2, 


Produce per Acre. 


Produce per Acre. 






6870 lbs. 


2207 lbs. 






cut June 2, produced . 


3460 „ 


960 „ 


Trefoil in above 


3^ inches 


1 inch 


Clover in above 


6 „ 


14 n 


White Dutch in above . 


1 to2 „ 


none 


Loss of water in making 






into hay 


§ 


1 



An increased number of experiments tended to con- 
firm the preceding results, and they added this 
important fact — that the advantages grained 
increased with any increase in the natural 
fertility of the soil. One experiment made by Dr. 
Vacy showed that a certain quantity of stall manure, 
which would double the quantity of grass when 
laid on in the usual way, was found to increase it 
six times when properly treated with fibrous 
covering. Dr. Vacy says,^ "I made a careful 
analysis of the herbage produced by this action, and 
also that of the same ground left open, and the re- 
sults were the same. The fattening properties seem 
to be equal weight for weight. They were tried on 
feeding cattle, tnilch cows, and store stock." 

In the distribution of water for the irrigation of 
land the chief point aimed at is to spread the water 

^ Journal of Royal Agricultural Society, voL vii p. 279. 
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SO that it shall cover the land ; and when the 
surface is so covered the more completely the water 
can then pass through the soil the better. There 
are some modifications of this arrangement, as in the 
catch-meadowSy where the water is caught in a 
lower gutter, and again distributed. This may be 
repeated again and again, but each time the water 

is thus caught it recommences its run by an 
equal overflow, which, of course, favours a fair dis- 
tribution. 

It will be seen that by irrigation we thus throw a 
shield over the gjound, and one of a far more 
perfect character than we could secure by any ordi- 
nary fibrous covering. The eflfect of this shield, 
continued as it often is for three weeks at a time, 
is to produce an artificial climate in the soil, 
which enables us to produce a spring gjowth 
during the months of winter. The length of 

time during which the land is covered diflfers with 
the average temperature for the time. In cold 
weather it may be continued for three weeks, whilst 
in hot weather one week may be enough. The 
test which indicates that the land needs to be freed 
from water is the formation of any scum on the 
surface of the water. 

In removing the water in the winter months 
special care is always necessary to prevent the 
young and tender herbage being injured by 
the frost. Under the protection of the irrigation 
water a young growth has been encouraged, and when 
the water is removed it is as if it were deprived of 
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an outer wrapper. If a frost should commence 
whilst it is wet, it will be seriously injured. The 
waterer, therefore, watches the weather, and only 
turns off the water when he is tolerably safe from 
frost ; and then he does so in the morning, so that 
the herbage may get dry whilst he is on duty. 
If a frost suddenly returns before the herbage is 
dry, he will probably turn on the water again 
for its protection. The frost is always much 
more severe in its influence on vegetation when 
the herbage is wet, and the skilful waterer does 
his best to protect his young growth from it. 



CHAPTER XLVII. 

Irrigation is now very frequently carried out by the 
use of sewage water from towns, which differs from 
the use of clean water chiefly in consequence of the 
impurities it contains. These impurities occasion 
many difficulties, of which we have no knowledge 
whatever in the use of clean water. Another diffi- 
culty which has to be contended with arises from the 
variations in the character of the sewage water. 
Some persons have an idea that town sewage is of a 
tolerably definite character ; but such is not the fact. 
If we described town sewage as the waste of the 
town coming through the sewers, it would be 
readily understood that this waste would differ. The 
trade and manufactures of a town, the supply of water 



CHAP. XLVii.] AGRICULTURAL PRACTICE. 231 

per head of the population, and various other con- 
ditions, influence this most variable of all ferti- 
lisers, town sewage. 

There are some few cases in which town sewage 
has been utilised as a source of fertilising matter, 
but in the great majority of cases irrigation is used 
simply as the easiest way for so far cleansing the 
town sewage, that it may be allowed to pass into 
some river in a fairly passable condition. Thus 
we have two perfectly distinct objects in view, 
and two distinct Sjrstems. The agricultural in- 
terest most largely gathers around the former, and 
these cases are chiefly limited to towns in which no 
manufactures are carried on which are calculated to 
prejudice the fertilising properties of the sewage 
water. 

Those instances in which the town sewage has 
been, successfully applied for agricultural purposes are 
not limited to grass land, as is the case where 
irrigation with water has been carried out. It is 
found desirable, in many of these irrigation schemes, 
for the town sewage to be applied to the ploughed 
land, not only whilst crops are growing upon 
the land, but also whilst the land is without 
crop. In this way many an acre of land has had a 
strong dressing of manure, simply by the sewage 
passing through the soil. Land which is intended for 
a corn crop is generally prepared beforehand, as 
the sewage has a strong tendency to make com '^ run 
to straw" rather than yield good crops of com. 
The sewage is often applied direct to land growing 
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Italian rye gfrass, cabbages, mangel, and similar 
gjeen crops. These crops make a good use of the 
supply, and when the town sewage has been well 
blended with the soil it becomes so far purified 
that the objections to its use are practically overcome. 
It is by no means equally satisfactory when the 

herbage becomes bathed in the sewage, and 

the adhering particles continue attached to it until it 
has been cut for use. Some decay of this matter so 
attached to the leaves will doubtless take place 
during the plant's growth, but it cannot be con- 
ducive to health for any animal to consume food 
which has any such undesirable pollution upon it 
So long as such matter has been mixed with the soil, 
the purifying powers of the soil will make it safe and 
satisfactory for use ; but the circumstances are very 
different when the herbage becomes clogged and 
coated with foetid matter, and such herbage is then 
used for cattle, possibly dairy cows. Its use for the 
latter class of stock is happily on the decrease, but 
this only removes the chances of disease one step 
farther back, namely from milk to meat 

It has already been stated that sewage water 
differs greatly, and even in its special liability to 
cause an unhealthy condition of the animal body. 
A free supply of water to the town, a lengthened 
transit to the land, exposure to the air, and a large 
amount of agitation as the sewage passes to the land, 
each and all of these are calculated to render the 
sewage less injurious on coming in contact with the 
leaf. If the sewage matter only comes in contact 
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with the plant at its roots, the purifying action 
of the soil will render it a fit and wholesome food 
for the plant ; but the same cannot be said when those 
portions of the plant which have to be consumed by 
stock are made offensive by it. 

The soil is often made use of as a means for 
filtering sewage water. In these cases far more 
sewage is applied than is necessary or desirable for 
the growth of the herbage on the service ; the pro- 
duce of the land is a secondary consideration ; the 
chief anxiety is to cleanse, in some degree, the sewage 
passed through the soil, so that it may cease to be of- 
fensive. The objections already mentioned, as attach- 
ing to the herbage being made foul, apply in these cases 
in an increased degree. Two agencies are here called 
in to aid the land to do as much work as possible in 

making a clean effluent water. The alternate 
periods of sewage purification and rest are one of 
these; for as soon as the land has arrested as much as 
its powers will allow, the supply of sewage being 
stopped enables the land to dry. The passage of 
the water firom the soil draws the atmospheric air 
into it, and the conditions are then favourable for the 
decaying matter distributed through the soil to be, 
in some degree, oxidised and purified. The chief 
accumulation of organic matter will be on the surface, 
and its decay will speedily commence on its becoming 
moderately dry. 

When the growth of herbage is promoted by well- 
conducted irrigation with water in a satisfactory con- 
dition, we obtain a greatly increased yield from the 
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land. Under such a system of growth we do not 
want to keep the land idle. For this reason the 
early crops especially are allowed to come to ma- 
turity, and are then cut and carried from the 
land. Immediately the ground is cleared it is again 
watered, and growth commences without any 
delay. If instead of doing this we allowed the sheep 
to run over the field and eat that which they prefer 
until the first growth had been cleared off, we should 
probably reduce the produce of the land to one-third 
or one-half. If irrigation is worth doing, it is worth 
doing well, and in order that this may be accom- 
plished, we adopt every reasonable and prudent mea- 
sure to have the intervals for growth interrupted 
as little as possible. 

A good system of irrigation enables us to secure 
the produce of the land in a higher feeding con- 
dition than is otherwise usual. The analysis of 
early water-meadow grass shows that it is far more 
capable of promoting the growth and fattening 
of farm stock, than at any other period of the 
year. Besides this, there is the enormous advantage 
of being able, in March and April, to have supplies 
of newly-grown grass for ewes and lambs, instead of 
having to wait until May and June. To the flock- 
master a good supply of early water-meadow grass is 
of very great value, and the influence it exerts on 
the character of the milk and the growth of the lambs, 
shows itself through the season. Well-conducted 
irrigation demands considerable extension and more 
frequent adoption, but our success will certainly be 
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promoted by a clear perception of the objects we may 
secure by this system, and by a more intimate ac- 
quaintance with the principles which regulate the 
practice. 



CHAPTER XLVIII. 

We have noticed two somewhat similar systems 
whereby water is used as a means for convejring 
fertilising matter to the soil In the furst place 
that matter was dissolved in the water, and the 
supply was clean and enriching to the soil. In the 
second place, in the form of town sewage, the water 
was made the vehicle for bringing to the land the 
very variable waste from our towns. In one other 
way water is also made to carry fertilising matter to 
the soil ; this third method is known as warping. 
Some of our rivers are noted for a muddy appear- 
ance, which arises from their carrying a considerable 
quantity of very fine earthy matter. This earthy 
matter floats in the water so long as the stream 
flows freely; but when any of the water^is removed 
in a glass and allowed to remain perfectly quiet, 
this earthy matter falls to the bottom, and the 
water becomes bright and brilliant. 

The practice of warping is nothing more than 
doing on a large scale what has thus been described 
as being done in a glass. It can only be done in 
the immediate neighbourhood of some river having 
muddy water, and upon land which lies at a 
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lower level than the stream. The most extensive 
system of warping is that around the Humberi and 
here many thousands of acres of poor and barren soil, 
which had been embanked so as to protect it from 
the river water, were subsequently warped and made 
exceedingly valuable for tillage purposes. The water 
of the river having been raised by the tide, is 
allowed to pass through the embankment by means 
of proper sluices, and the muddy water thus flows 
in upon the land as it may be guided. It soon 
becomes quiet and still as a lake, the fine earthy 
matter is deposited on the land. As soon as the 
tide has fallen, the clear and bright water is allowed 
to flow out into the river, whilst the land has received 
a coating of very fine and beautiful earth. 

This system may be carried out to a greater or 
lesser extent according to requirements of the land 
In some cases a large extent of land has been raised 
18 or 20 inches or more, and covered with the richest 
and most productive soil. It is therefore quite within 
command to allow more or less matter to be thus de- 
posited on the surface, and it therefore becomes a 
valuable source of fertilising. It must be noted that 
we are, in such cases, receiving a deposit of undis- 
solved matter, whilst the clear water is allowed to 
pass off into the river, carrying with it any matters 
which it may hold in solution. Thus it happens that — 

In water irrigation fertilising matter is added in solution. 

. . V . ( fertilising matter is added partly in so- 
In sewage irrigation | j^y^^ ^^ ^^^j^ j^ gjigj^nsion. 

, i fertilising matter is added in suspen^ 
In warping land j ^^^^ 
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These constitute the three systems by which 
water is utilised as a means for convejring^ ferti- 
lising matter to the soil. When such matters have 
been intermixed with the soil, they lose their indi- 
viduality of chaEOcter and simply become constitu- 
ents of the soil, subject to those conditions and 
uses which have been already referred to. 

The fact of water being made to act the part of 
a carrier, renders it necessary that there should be 
every facility for allowing the water to do its work 
in the most complete manner. Hence it is that 
it becomes a most important condition of success, 
that under the two first systems there shall be a 
thoroughly good under-drainage of the lands 
irrigated. If this condition does not exist naturally, 
it must be established by artificial means. It has 
been shown how largely the soil is enriched by the 
water passing through the land leaving in it valuable 
fertilising matter. This passing through the soil 
necessitates a passing out of the soil beneath, quite 
as much as a passing into the soil at the surface, 
otherwise there could be no passing through. Drain- 
age, whether natural or artificial, secures the neces- 
sary outlet, and just makes the difference between 
the land being saturated by stagnant water, and 
having a health -giving fertilising stream passing 
through the soil. The proper drainage of the 
land must ever be regarded as an essential condition 
for successful irrigation. 

The reasons for this are tolerably obvious. Vege- 
tation needs atmospheric air, and cannot be de- 
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prived of it for any length of time without an inter- 
ruption of the functions of life. So long as the irri- 
gating water is in motion the plant finds that there 
is air in the water, and it makes use of it accord- 
ingly. This limited supply — ^useful as it may be for 
an emergency — ^is not fully sufficient for luxuriant 
growth, and this is one of the reasons why the irri- 
gation flow is interrupted at certain intervals. 
It is absolutely necessary to stop the flow even of 
water — still more so of town sewage — so that the 
plants may breathe and flourish under less arti- 
ficial conditions, and also to charge the ground with 
atmospheric air, which becomes, in the soil, an influ- 
ential agency regulating the decompositions 
taking place within the land. 

If the fertility of the soil is increased by these 
several modes of conveying fertilising matter to the 
soil, it must also be remembered that the conditions 
established must be utilised by suitable plants and 
crops. We speak of gjass land as if it simply 
represented land on which one special crop is growing, 
namely, grass. But the herbage we recognise as grass 

consists of an immense variety of plants, and 

their study constitutes one of the most important 
sections of the science of agricultural practice. We 
have upwards of a hundred different grasses, and 
these gjoups difier according to the soil on which 
they are grown and its general condition as to water 
supply and climate. We must not imagine that if 
we drain a very wet meadow, or irrigate a very 
dry meadow, we simply increase the growth of 
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the grasses which may happen to be existing 
there. Each variety of grass requires a definite 
set of conditions. If these are favourable, it 
luxuriates; if somewhat unfavourable, the plant only 
makes a feeble growth; if very unfavourable, that 
grass either dies out or takes a form in which it 
passively endures the adverse conditions which sur- 
round it. If we modify the conditions of 
growth we thereby change the herbage; for 
instance, if a dry meadow be irrigated with water, 
some of the old grasses almost disappear, and some 
that have been unobserved spring into luxuriant 
growth. If the original conditions are restored, the 
probabilities are in favour of our restoring the old 
herbage. Meadows which are to be used for irriga- 
tion must be watched with care, for it may be that 
after all the conditions of fertility have been secured, 
the produce is very limited, because suitable plants 
do not exist upon the land prepared to make 
use of the new conditions which have been established. 
In such a case the seeds of suitable grasses must 
be sown. We frequently see just the same imper- 
fect growth when some lands have been drained, and 
the herbage has almost disappeared. So great may 
be the loss of herbage, that many are disposed to say 
the land is injured by drainage. It has, no 
doubt, proved unfavourable for the plants previously 
existing there — ^low quality aquatic glasses — ^but 
new grasses suitable to the altered circumstances must 
be sown. It is a great encouragement to all good 
agricultural practice, that the higher and more fav- 
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ourable the conditions of fertility may be, the higher 
and more nutritious is the feeding quality of the food 
produced. 



CHAPTER XLIX. 

After all the care and judgment exercised by the 
fanner in the preparation of the land for a crop, he 
has then to select suitable agents for utilising his 
previous work. The land may have been brought 
into that mechanical condition which best favours its 
productiveness, — ^it may contain satisfactory supplies of 
food, — and it then becomes the duty of the farmer to 
select the seed which is most suitable for doing the 
required work, in that climate and upon that soil 
The choice of seed is obviously a matter of the 
deepest importance for the farmer's success. 

Farm seeds of every kind have been greatly im- 
proved by various processes, and have thus been 
raised to their present character. The g^eneral 
policy has been to produce by artificial means more 
luxuriant conditions of growth, and then to select from 
the cultivated specimens those which promise to be 
the most desirable and suitable. The seed would 
not be allowed to fall and make a natural growth, 
but it would be preserved until the most favourable 
period arrived for luxuriant growth, and it would 
then be sown under favourable conditions for 
securing a still higher development. The produce of 
such seed would — under such favourable circum- 
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stances — in all probability be of a higher type of 
character than the preceding growth. Thus, by con- 
stantly selecting plants having the desired form of 
growth, we gradually give the seed of such plants a 
certain permanency of character, and an increased 
power of producing plants possessing like peculi- 
arities of form. In this way accidental variations 
have been established as settled points of char- 
acter. Each time any such variation is reproduced, 
there is an increased power acquired for its repro- 
duction. In other words, hereditary influence 
has been established, and the foundation laid 
for pedigree character. 

This rule applies to all our cultivated plants, but 
we may take wheat as an example. In each and 
every ear of wheat variations are found in the char- 
acter of the individual grains. Thus some grains 
will be larger than others, some will be finer in the 
skin and of higher quality, and thus very many dif- 
ferences will be observable. Each of these grains of 
wheat will have a tendency to produce other 
grains of wheat possessing similar peculiarities. 
In some cases these peculiarities will become even 
more distinct. This selection of those grains having 
the desired peculiarity of character will probably 
result in a larger proportion of grains which are 
so distinguished being produced in each succeeding 
growth. In this way a certain permanency of char- 
acter is established. But it must be distinctly under- 
stood that it needs equal if not greater care and 
attention to preserve these peculiarities of fotixv^ 

R 
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as a does to secure for them their original character. 
It is not a permanency of character which is estab- 
lished, so much as a condition favourable for repro- 
ducing certain variations from the original type ; and 
this needs proper care and attention. 

The improvement of farm seeds has been greatly 
encouraged by the production of new varieties, by 
blending different growths whilst the plants are in 
bloom. Even here the same selecting care and 
judicious culture is necessary. The question may be 
asked : — ^Wherein consists the advantages of such new 
varieties? One great advantage is, that instead 
of dealing with accidental varieties, we commence 
with plants of known character, and we know 
something of the antecedents of the varieties pro- 
duced. This is of great importance when we seek to 
improve a variety of seed which is specially suited 
to the soil and the climate of any given district. 
This is a work which is assuming greater importance 
every day, and it gives an opportunity for increasing 
many of our crops by the growth of very produc- 
tive seed of suitable character. An examination 
was recently made into the variations in the growth 
of oats. Two crops were grown upon similar land, 
under like circumstances as regards climate. In the 
one case good and suitable seed was used, and in the 
other case selection and improvement of the seed had 
been neglected. The results were as follows : — 
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Produce per Acre. 


Good Seed. 


Very inferior 
Seed. 


Flesh-forming matter 
Fat and heat - produc- 
ing matter 


84^ lbs. 
943i „ 


12 lbs. 
2951 „ 



Here was a variation materially affecting the pro- 
fits of the farmer in which the choice of seed made 
all the difference between a satisfactory and an 
unsatisfactory crop. 

It is also important to bear in mind that by 
steadily continuing to pursue a system of selection 
for many years, and by having some settled point 
of character held perseveringly in view, that 
character can be so impressed upon seed that there 
appears to be an accumulation of energy, which 
manifests itself in the reproduction of that type and 
character, even under conditions of great difficulty. 
Thus we can intensify the hereditary powers of 
a seed, and render it increasingly powerful in repro- 
ducing its own type and character. 

It is quite possible for us to have a seed possessing 
great hereditary power, and yet from want of 
constitutional strength it may have weak powers 
of reproduction. To overcome this difficulty, the 
seed of the strongest plants should be selected. 
It is thus quite within the power of the cultivator 
to secure a stronger and more vigorous growth 
of plant, without in any way decreasing the heredi- 



244 THE SCIENCE OF [chap, xlix 

tary tendency of the seed. The vital powers of the 
plant are thus strengthened, and thus, whilst the 
vigorous growth is independent of the hereditary 
character, it gives an energy to the production of 
seed, and this seed of necessity possesses strong 
hereditary character. 

The age of the seed has been observed to in- 
fluence its growth and the general development of 
its produce. If we take the case of swede seed, 
we find that new seed has a vigour of growth far 
in advance of similar seed which may be one or two 
years older. It is a matter of notoriety that the 
growth of plants grown from new seed is always 
more necky and more disposed to run to seed. 
There is a disposition to a greater rapidity of 
growth, and often at a sacrifice of good form ; and 
this becomes still more evident when it is encouraged 
by very prompt and axstive manures. The older 
seed makes a slower progress, but it is less easily 

checked in its growth. The plant now preserves 
its form, and the feeding quality of the bulb is also 
better. Grenerally speaking, the two-year old swede 
seed is in every way calculated to produce a laiger 
quantity of high quality food than newer seed, even 
in those cases where the total weight per acre of the 
crop may appear to favour the newer seed. By 
reason of this steadier and firmer growth, the plants 
produced from two-year old seed are less liable to 
mildew, which almost always arises from some check 
in the progress of the plant, predisposing it for the 
development of this fungous growth. 
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CHAPTER L. 

Very closely associated with the conditions which 
regulate the production of pedigree seed we have a 
subject which is surrounded with considerable doubt, 
namely the principles regulating a '' change of 
seed." This does not simply mean the purchase of 
a supply of seed from another grower, but the 
manner in which seed is best prepared for any 
district or soil by its own conditions of growth. 
It is very well known by cultivators of the soil that 
if the seed grown upon a farm be sown again and 
again upon that farm, on the same kind of soil, 
and in the same climate, it is less productive 
than com of similar 'quality grown on some other 
kind of soil or in some other district. Almost every 
farmer recognises this truth, and is able to state the 
district from which he prefers to draw his seed-corn. 
This is the ''change of seed" referred to, and it 
opens up an excessively important national question 
on which at present we are in doubt — ^not that any 
one doubts the advantage of making the change, but 
no one has clearly laid down the rules which should 
guide us in carrying out the practice. 

It appears probable that> upon the greater portion 
of the districts in which seed-corn is usually grown, 
we rarely, if ever, find the conditions of growth as 
perfect as they might have been. The soil and 
climate may not, in all respects, meet the plant's tor 
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quirements ; some imperfection therefore exists in 
the seed. A continuation of these unfavourable con- 
ditions — year after year — would make any such 
defective conditions more and more evident, and 
such seed would become decreasingly valuable. Let 
some of this seed-corn be sent to a district of a very 
different character, — for example, as from the sand- 
stone soils to the limestone soils, or from the chalk to 
the clay, — ^the probabilities are that the seed would 
produce a better crop than if sown on the same 
ground as that on which it may have grown. The 
change of soil and climate may be the means of 
rectifying certain imperfections, and the seed 
produced acquires an increased vigour of growth and 
increased powers of reproduction. 

Local experience does afford a certain measure of 
guidance, and it may be that, if such local opinions 
were to be recorded and systematically contrasted with 
the composition of the soil and the special peculiari- 
ties of climate, much valuable information would be 
ready for our use. In this way we should be able 
to lay down some sound and definite principles, and 
learn from the practice of the several districts ex- 
amined those lessons which that practice has to teach. 
The information is greatly desired by all intelligent 
farmers, not from any idle curiosity, but because it 
would give valuable guidance in the management of 
seed-corn. It will be very generally admitted that a 
well-bred seed, having a good form and quality, and 
having also a good pedigree, will be used to a great 
disadvantage if it be grown upon a soil or in a 
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climate for which it is not a good change. If we 
knew with any degree of clearness the principles 
which should regulate the change of seed, it would 
simply become a matter of business arrangement to 
carry it into practice. The grower of seed-corn would 

not only secure good character and pedigjee 

power, but he would also secure the important 
advantages of regulating his supplies for different 
soils and districts, with due regard to the condi- 
tions of soil and climate under which the seed-corn 
had been grown. The following facts may be given 
as an illustration of the differences arising between 
the use of seed-oats grown with change of soil and 
climate, and the employment of seed-oats grown for 
some length of time upon the same farm. The con- 
ditions of growth were in other respects fairly equal, 
but the former produced 46 bushels of oats, weighing 
43 pounds per bushel, whilst the latter yielded 24 
bushels of oats, weighing 32 pounds per bushel. 
The variation in value as food was as follows : — 



Flesh-forming matter 
Fat-and heat-producing matter 


Frodace per Acre 


With 
Change of Seed 


Without 
Change of Seed. 


151J pounds 
1263 „ 


40 pounds 
490i „ 



The change of seed is in other words little or 
nothing more than a change of soil and climate 
for the seed. We find that under prudent arrange- 
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ments it results in an increase of general constitutional 
strength. The conditions of bodily health and 
strength are improved, and the result is shown in 
the general development of the crop. It is really a 
very parallel case to a change of air, water, and 
climate, in animal life, and the result is improved 
conditions of health. This is a matter of special 
importance, when our systems of cultivation carry a 
plant so far away from the conditions of life common 
to the wild and uncultivated parent from which it is 
descended. The more we establish those perfec- 
tions of character which are of such great econo- 
mic value, the more incumbent does it become 
that we should preserve the plant in the highest 

possible condition of health, so as to secure a 
full reward for our skill. 

It is a very remarkable fact^ and one worthy of 
more careful consideration than it has already re- 
ceived, that well-bred seeds in sound healthy con- 
dition are, like our thorough-bred horses, more 
than usually prepared to stand against and over- 
come conditions of difficulty, which are almost 
fatal to many other seeds. The recent wet and 
unfavourable seasons have supplied many confirmatory 
instances, and have given us great encouragement to 
look well to the character of our seed-corn. Nor must 
we be supposed to limit these good influences to seed- 
corn alone, for they are equally capable of assisting 
each and every kind of farm-seed. This has 
been a very weak point in farm -practice, but it is 
now being corrected. The same indifiference was for 
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a long time shown to every description of live 
stock, but the improvements which have been made 
in this department of farm industry show how fully 
this has been recognised and attended to. But just 
as we examine into the influences we can exert over 
vegetable life, so do we see that we can modify 
and develope vegetation, to meet our requirements, 
to a greater extent than is the case in animal life. 
If so much has been accomplished in the one case, 
there is plenty of room still left for great improve- 
ments in farm-seeds. 

This change of seed is also a favourable oppor- 
tunity for introducing more or less rapid conditions of 
growth, by growing a seed of a valuable character in a 
quicker or slower climate. Take, for instance, 
the Swiss oats introduced of late years into Scotland ; 
these, from being grown in the warm valleys of 
Switzerland, have acquired the habit of rushing 
quickly to maturity. Thus in Scotland two weeks 
can be gained in the preparation of a crop for harvest. 
This is a time which, in a treacherous climate, may 
make all the difference between a good and a bad 
harvesting. Nor does there appear to be any reason 

to suppose that such a change in the habits of 
gjowth.is not equally capable of being engrafted 
on other corn-crops. It is equally probable that we 
may not only be able to quicken the growth, 
but also give our com a more hardy character, 
without any loss of feeding power. Just as we 
find various breeds of cattle and sheep becoming 
more and more adapted to different districts, 
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with their various soils and climates, so also may we 
secure our several varieties of farm produce with a 
form and character more suitable for cultivation under 
a wider range of conditions. Much has been 
accomplished in the improvement of farm-seeds, and 
it is a branch of agricultural practice which offers 
many inducements for still further advance. 



CHAPTER LI. 

In addition to an abundance of plant-food ready for 
use in the soil, and a well-bred seed prepared to 
make use of that food, we also need conditions of 
climate favourable for bringing that seed to per- 
fection. It must not be forgotten that the aim of the 
grower of good farm-seeds is to encourage variations 
in form and character perfectly distinct from those 
naturally belonging to the uncultivated plant. These 
proceedings do not destroy the natural character of 
the plant's growth: they simply modify them tempo- 
rarily. As in the case of a recently bent bow, there 
is a tendency to return to the original form, so it is 
also in any altered form of plant-life, but the longer 
the controlling influence is exerted on the bow the 
weaker the resistance becomes. The reason is toler- 
ably clear, for the natural conditions of the plant- 
life are manifestly those best adapted for the 
preservation of the species. In this direction 
the energies of the plant are turned as soon as it has 
to struggle with difficulties. 
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The various processes which have been practised 
have given a greater delicacy of character to our 
cultivated plants, and as soon, therefore, as the con- 
ditions of climate become too severe our crops 
are less perfectly developed. Hence we have certain 
well - recognised districts within which we find it 
advantageous to limit the cultivation of certain crops. 
These districts may be extended hereafter by various 
improvements, but, for the present, it is wise to 
acknowledge these limitations to our course of crop- 
ping. By bad management, and by want of a proper 
drainage of the land, we often cause needless in- 
terruptions in the profitable cultivation of the soil, 
and render certain lands unfit for the growth of some 
of our crops. In a previous chapter (page 229) we 

noticed an artificial climate which was beneficial 

for growth, but in this case we have the growth 
impeded by an artificial climate which exerts an 
unfavourable influence. The effort of the culti- 
vator of the soil is very generally directed towards 
the improvement of the local climate, but when our 
management results in unfavourable conditions the 
error or the neglect (as the case may be) should be 
clearly recognised. 

The fall of rain is a very influential section of 
those climatic conditions which exert a controlling 
power over a farmer's proceedings. There is a great 
difference in the distribution of rain, the fall being 
greater in the western districts than in the east. 
Advantage is consequently taken of this circumstance 
for growing a larger proportion of grass and greecL 
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crops in our western counties, Tvhilst our principal 
corn districts are on the eastern side. The larger 
growth of grass and green crops is favourable for the 
breeding and rearing of cattle and sheep, and this 
also takes place in a larger proportion in the western 
districts. The fall of rain having an influence upon 
the mechanical condition of the soil, lands, which 
may correspond very closely in these respects, would he 
cultivated with ease (under ordinary seasons) in the 
east, whilst in the west they might be found more 
useful in grass, instead of being under the plough. 

The average temperature naturally influences 
our selection of the crops which can be most advan- 
tageously grown. As a general rule the farmers of 
our different districts have arrived at accurate con- 
clusions in this respect. They have naturally at- 
tempted from time to time to go beyond their 
neighbours, working as pioneers do to introduce 
improvements, and thereby new crops, and in some 
cases they have succeeded. The cultivation of 
wheat and mangel appears to be most successful 
in the warmer districts of this kingdom, and on 
the stronger soils — days and clay loams. Where 
these cannot be successfully grown by reason of thecold- 
ness and moisture of the climate, oats, turnips, and 
swedes are then more generally relied upon. It must 
not be understood as being stated thatthese three crops 
are not grown under more favourable circumstances, 
for everyday observation shows the contrary. The 
district in which wheat and mangel can be grown suc- 
cessfully is much smaller than that in which oats, 
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turnips, and swedes can be produced of good quality. 
Barley takes nearly as wide a range as oats, for the 
hardy here of the north closely equals the oats, and 
the finer varieties of oats nearly rival the best samples 
of barley. If the oats have a slight advantage in the 
colder districts and poorer lands, the barley has a 
corresponding balance in its favour upon richer soils 
and in warmer districts. 

The lesson which we may learn from the experience 
of farmers in different parts of the kingdom is very 
distinct and definite. Local conditions of climate 
limit the variety of crops which can be success- 
fully grown, and it is found more advantageous to 
cultivate crops which are suited to the district than 
to come in conflict with those natural laws which 
control the local climate. The farmer has difficulties 
enough, which he must contend against and endea- 
vour to overcome, without increasing those difficulties 
by attempting the growth of crops unsuited to the 
district or the farm. He wants to glide with the 
stream, rather than pull against it. The farm 
practice of different districts is not a matter of 
chance or personal preference, but it represents a 
course of policy dictated by local necessities. 
It shows the best known means of utilising the bene- 
ficial influences which are in operation, and of avoiding 
natural impediments existing in that neighbourhood. 

Are we then to consider the local practice of dif- 
ferent districts perfect and beyond further improve- 
ment ) Certainly not, but he who recklessly changes 
such a system, and, except after gaining much local 
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knowledge, condemns tliat which has resulted from 
long experience may be a bold man, but he is not 
likely to farm successfully. Many and many 
are the instances in which young men who have 
learnt farming in one district take land in another 
neighbourhood where the conditions are totally dif- 
ferent ; they forthwith condemn the farmers as 
behind the times, and as doing almost everything 
in a wrong manner. The result is tolerably certain, 
for the man who will not respect local custom 
cannot be a successful farmer. But whilst 
experience proves the value of local custom, it 
encourages prudent advance. It is as if we had 
to feel our way in the dark, and for a time it must 
be so ; but when science has thrown light upon the 
work of the past, and when we know and understand 
the difficulties of the present, we shall probably see 
a clearer, a more direct, and a more successful course 
for making improvements in our practice. 

There is another view of the difficulties thus arising 
from these variations in soil and climate, which is of 
a more satisfactory character. It renders farm prac- 
tice an occupation in which the work need never 
be one dull routine of labour, but each and every 
modification leads to the inquiry of the why and the 
wherefore. The bountiful provisions of nature have 
given us abundant means for securing our comfort 
and well-being, and for the support of animal life, 
but the variations caused by climate give additional 

opportunities for the exercise of the mental 

powers we possess. The experience of the past is 
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rich in its lessons of truth, and when these have been 
secured we shall then be better prepared for learning 
something more, but it is probable that as we 
advance we shall value more and more highly a 
familiar acquaintance with facts. These are 
said to be stubborn things, but whether that be so 
or not, they are certainly a safe foundation to 
rest upon, but the man who disregards local experi- 
ence can scarcely be considered a prudent leader. 



CHAPTER LIL 

In the growth of the Oat we have one of our most 
hardy corn crops, and it appears specially adapted 
for that portion of our tillage land which is situated 
on high lands and in severe climates. The excellence 
which is attained in Scotland, in the character of 
this com, is generally acknowledged, and the oatmeal 
obtained from it is unequalled. There is a very great 
difference in the quantity of oats grown per acre, as 
well as in the quality of the grain, and it will be well 
to see how far the successful practice of good farmers 
teaches us the best system for cultivating the oat. 

The author was directed by the Lords of the Com- 
mittee of Council on Education to carry out an 
inquiry, in 1877, as to the variations existing in the 
oats, barley, and wheat grown in this country, and 
as to the causes of these variations. It was shown 
that the crops of oats, that year ranged from 10 to 80 
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bushels per acre, and the weight per bushel ranged 
from 20 to 49 pounds. These were differences which 
were self-evident to the general observer, but there 
were other variations which did not reveal themselves 
to the eye, and these were variations of feeding 
quality. Every farmer of experience and every 
horse-keeper knew perfectly well, that there was not 
necessarily an equal quantity of actual food in an 
equal weight of oats. These opinions were looked 
upon as matters of prejudice, which would disappear 
as persons knew more of the nature and character of 
food. The results of the chemical examination of 
properly selected specimens of oats, most perfectly 
confirmed the accuracy of the opinions held by prac- 
tical men. The available nitrogenous matter (flesh- 
forming matter) ranged from half a pound to 4^ 
pounds per bushel, and the available carbonaceous 
matter (fat and heat producing matter) f^om 13^ to 
31 pounds per bushel. When the produce of food 
was calculated on the growth per acre, it was found 
that one acre of land had produced nearly fifteen 
times as much available carbonaceous matter, and 
nearly seventy times as much available nitrogenous 

matter as another acre. 

There were many circumstances which contributed 
towards these variations. The general character of 
the cultivation was one of these. A thoroughness 
in the tillag^e work made a very marked difference 
in the result. Feeble efforts at cultivation, a 

thin slice of soil turned over, leaving a hard and 
impervious barrier beneath, these gave the growing 



OHAP. lil] agricultural PRACTICE. 257 

crop diflGiculties to encounter which rendered success- 
ful growth absolutely impossible. Other instances 
came under observation in which similar land, under 
like conditions of climate, was] subjected to a thor- 
oughly good tillage. The roots of the crop were 
then able to spread throughout the soil, which had 
been well permeated by atmospheric air, and was there- 
fore in a healthy condition. In brief, the land had 
been thoroughly well cultivated in the one case, and 
negligently worked in the other. The cultivator was 
rewarded, in the one case, with 50 bushels of oats 
weighing 43 pounds per bushel, and the bad farm 
manager only gathered 10 bushels, weighing 22 
pounds per bushel. The latter case was marked as 
one of the worst instances of bad farming, but the 
other (a neighbour) produced what was a thoroughly 
good crop for the district. 

A reference has already been made (page 247) to 
the influence of a good seed, for upon a judicious 
preparation of seed the measure of success very 
greatly depends. We must not only have a good 
quality seed, but one especially suited to the soil 
and district upon which it has to be sown. The 
very best seed-oat that was ever produced cannot 
be equally suited for all kinds of soils and 

climate, any more than a thoroughly well-bred 
sheep can be equally suitable and valuable for use 
everywhere. The preparation of the seed, we have 
noticed, is of a twofold character — first, by careful 
selection and cultivation, they secure the variety of oat 
desired, and then they intensify by repeated growth. 

s 
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its several points of character ; secondly, they prepare 
that seed by a proper change of soil and climate for 
use on any special farm, or for any particular district 

Oats, barley, and wheat are all known to us as 
cereal grasses — corn-producing glasses. In car- 
rying out the cultivation of the oat crop, we more 
especially find evidence of a conflict existing under 
this name. Grasses are a group of plants which are 
cultivated for their leaves, but we have, in the 
case of these com crops, grasses grown for another pur- 
pose. To secure the successful growth of com, we 
are compelled to encourage for a time the grassy 
growth of the young plant We could not secure a 
fair proportion of root, if we did not thus encourage 
the growth of the leaf; but when this result has 
been secured, we then do our best to turn the 
energies of the plant into a very different direc- 
tion. The farmer has therefore to secure a sufficient 
growth of leaf to be sure of a good yield of com, and 
then he needs all the powers of the plant to be 
devoted to the production of seed. It is very 
frequently difficult to regulate the energies of the 
plant just as we desire. 

A moist climate and a highly fertile condition of 
soil have a tendency to make the gjassy growth 
continue for too long a period, and the quality of 
the corn is gjeatly injured thereby. A series of 
four crops of oats which the author examined 
may be referred to here. They were grown upon 
similar soils and under somewhat similar manage- 
ment, but in very different climates. 



Miles from 
the sea. 


Feet above 
the sea. 


. 2 


200 


. 60 


1100 


. 16 


300 


. 30 


800 
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Specimen. 

A was grown on a small island 

B ,, M & highland farm . 

C ,, ,, an inland farm 

D ,, ,, an inland farm 

The produce of oats per acre obtained in each of 
these cases was as follows : — 

Lbs. 

A. 44 bushels of oats, weighing 29 pounds per bushel = 1276 

B. 32 „ „ „ 40 „ „ =1280 

C. 42 „ „ „ 36J „ „ =1583 

D. 48 „ „ „ 38 „ „ =1824 

We see in this series of crops that as the distance 
from the sea increased so the weight per bushel in- 
creased, the heavier and firmer growth, being greatly 
due to the condition of the climate, which was less 
favourable to the prolonged grassy growth of the crop. 
We must not misread these observations, and say that 
proximity to the sea alwa3rs decreases the weight of 
com per bushel, for that would be a distinct error. 
In fact the largest crop of oats grown in 1877, 
namely, 80 bushels per acre, weighing 40 pounds per 
bushel, was grown near the sea. The rule which 
practice teaches is, that those conditions either of 
soil or climate which unduly favour a long^ con- 
tinued gjassy growth, give a light and poorly 
developed corn. But the conditions which produce 
such inferior com give a very superior Straw. If 
we could so control the crop that the nutritious 
matter in the stem should, in the ripening of the 
crop, be driven up into the grains of corn, we should 
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enrich the grain at the cost of the straw. When the 
grassy growth predominates, the straw retains vain- 
able nutriment which might have been utilised and 
concentrated in the grain. 

Thus we have very great diflferences in the 
quality of oat straw which are often overlooked, 
because some persons have not contrasted their own 
growth with that of others. In one district, there- 
fore, we find oat straw valued as a good food ; and 
in others they express surprise at the fact of its being 
so used. Both are very nearly right in their opinions 
of their own produce, but an examination of the 
chemical composition proves to us why these oat 
straws differ so much in feeding power. To expect 
uniformity of opinions amongst farmers would 
indicate that the circumstance and conditions 
under which they act, and the results arising there- 
from, are uniform also. If these local experiences 
be accurate there must be variations in the results, 
corresponding very closely with the variations ob- 
servable in the general conditions of growth. 



CHAPTER LHI. 

None of our com crops equal the Oat for making a 
good growth in strong* turf, such, for instance, as 
is produced by ploughing up land which has long 
remained in grass. The wheat naturally luxuriates 
in a turf of younger date ; but for a tough furrow 
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slice such as that referred to nothing equals the oat 
This may be traced to the penetrating power of the 
roots of the oat crop, for they not only search into 
and amongst it for plant-food, but they encourage a 
rapid decay, and thereby facilitate subsequent tillage 
operations. It is for this reason that the oat crop 
is so generally chosen for this duty. 

Few crops so frequently give proof of the disad- 
vantages arising from the want of proper drain- 
B,ge as the oat This does not arise from other com 
being less influenced by this bad condition of the 
soil, but it may be traced to the fact that the oat 
can struggle against gjeater difficulties than 
other com, and it is frequently chosen for the work 
Every observant farmer knows that on these wet 
soils the produce is generally less, and that it is of 
inferior feeding quality. We are able to confirm the 
tmth of this opinion, by an accurate examination 
of two crops grown upon land having the same 
character and in the same climate, differing only in 
the drainage of the soil. It may be taken as a fairly 
representative case under average conditions The 
land which had been drained yielded 38 bushels of 
oats per acre, weighing 42^ pounds, whilst the un- 
drained land gave only 26 bushels, weighing 37 
pounds per bushel. In the former case 1075^ pounds 
of useful feeding matter was produced, and in the 
latter instance, 637^ pounds. 

The ripening of the oats is also influenced 
by the diyness of the soil, and by the moisture 
of the atmosphere. It is very commonly supposed 
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that the ripening of corn has been completed 
when it is carried to the stack in good condition; 
but farmers and their ploughmen know better than 
this. New oats are looked upon with suspicion, 
and their use delayed, as long as old oats are within 
command on the farm. When the com has been in 
the stack for four or five months, and especially 
when frost has passed through the stack by the 
cold piercing wind penetrating it, the farmer knows 
that he may then use the oats with safety. The 
change which takes place during this time has yet to 
be determined by analysts. It is, however, more 
than probable that much of the nitrogenous (flesh- 
forming) matter existing in the oat when harvested, 

remains in an imperfectly matured condition. 

What the farmer understands by this ripening' in 
the stack, is probably the change of this nitrogenous 
matter into the more perfect form of gluten or some 
corresponding albuminoid. Some may be disposed 
to enquire, how it is that farmers and their plough- 
men can know anything about such a point of 
character ? The old saying applies here as in another 
case, — " The proof of the pudding is in the eating," 
and here also the use of* the oat as food gives the 
necessary proof. The ploughman finds the use of 
new oats causes an irritation on the skin of the horse, 
which soon leads to mischief and disease. The horse, 
instead of deriving that nourishment from the new 
oat which shall enable him to do his work, finds the 
food give more inconvenience than support, and he 
rapidly loses condition in struggling to accomplish 
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his daily task. In the meantime, the imperfectly 
ripened nutriment has to be separated and removed 
from the blood, so that it is not merely in a large 
degree useless, but it is distinctly injurious. 

The more usual mode of ripening the oat is by the 
influence of cold, and the farmer then recognises the 
oat as being in good condition, but this would 
not take place in very large stacks of com. The 
thickness of these stacks effectually prevents the air 
penetrating to any great depth ; but even here the 
oat ripens, but from a different cause. That which 
cold accomplished, warmth also effects. The larger 
size of these stacks causes a moderate warmth to be 
produced, which spreads through the stack, gently 
and slowly accompKshing the necessary changes. 
We find a somewhat corresponding ripening taking 
place in other kinds of vegetation, which will be 
referred to subsequently. The details of these 
changes have yet to be determined by chemical 
analyses ; but the farmer knows when these changes 
have taken place, and that they are necessary, and 
the light of science will in due course give us the 
fuller information we need. 

In the successful use of the Swiss Oat in Scot- 
land we have another encouraging instance of the 
advantages secured by modifying the rapidity of a 
plant's growth, by bringing it under the influence of 
another climate. In this way a slower or a more 
rapid habit of growth may be given to the seed. In 
the present case, the rapid growth of oats in the 
Swiss valleys has become a habit of the plant, and 
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when sown in Scotland we see that it often comes 

to maturity two or three weeks sooner than 

other oats. This difference of time may settle the 
question of a good or a bad harvesting:. If this 
result can be obtained by an almost accidental 
variation in character, may we not expect more in- 
fluential results under a well-designed sjrstem, 
and with seed having higher feeding powers ? 

The use of seed-oats grown in Scotland has secured 
a well-deserved reputation throughout the larger 
portion of the kingdom, by reason of the larger pro- 
duce and higher quality of the com. This gives 
another instance of the assistance which climate 
renders us in the gjowth of seed. It must not 
be for a moment supposed, that it is suggested that 
good seed oats cannot be grown out of Scotland. 
Our everyday observation disproves the idea The 
lesson which may perhaps be safely gathered is, that 
the climate of Scotland, being so favourable for per- 
fecting the oat, might be utilised by growers, in 
sending seed to be grown there for a changa The 
continuous care taken by our best seed -growers in 
the selection of seed, and in increasing its pedigree 
character, may perhaps be usefully supplemented by 
its occasional growth in this most favourable climate. 

It is also worthy of notice that just as the oat is 
grown in its greatest perfection, so does the oat- 
meal take a more commanding position as an 
article of food. There are possibly some objec- 
tions to its use in hot climates, and for persons tak- 
ing very little exercise; but it is justly regarded in 
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the northern parts of the kingdom as the best and 
most suitable food for sustaining the body through 
long periods of fatigue. This is fully accounted for 
by reason of the high percentage of flesh-forming 
matter it contains. Thus, if we compare the oatmeal 
with wheaten-flour, we find the former containing 
about 50 or 60 per cent more flesh -forming matter 
than the latter. In the large percentage of fatty 
m^itter found in good oatmeal (say 8 to 10 per 
cent) we have another point in its favour, for this 
renders it more perfect as a food. An examination 
of its composition reveals to us the why and the 
wherefore of that popular favour, which it so justly 
receives from a large proportion of the inhabitants of 
this kingdom. It is a crop which certainly merits 
every care and attention, to make its cultivation more 
perfect^ and its produce more abundant. 



OHAPTEE LIV. 

Thb cultivation of Wheat is looked upon with 
especial interest, as it is the grain &om which we 
obtain the flour so generally used for making 
bread. There are more varieties of wheat than of 
any other com, and this arises from the great desire 
to use the best and most suitable seed. Seed-wheat 
diflTers greatly in form, in habits of growth, in hardi- 
hood of character ; and these variations have been 
produced in order that the peculiarities of soil and 
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climate may be most fully utilised. To sow a finelj 
developed white wheat on a cold clay soil, and in a 
severe climate, is simply to seek for a failure in the 
crop. Whereas, if a strong, coarse, red wheat is 
sown upon our more favoured wheat soils, we thereby 
often lose the opportunity of securing the highest 
quality produce. Very great skill has been shown 
by farmers in modifying the growth of wheat, so as 
to have it about as fine in character, as is safe 
for the neighbourhood in which it is to be grown. 

To understand this influence fully it should be 
remembered that we have two opposite points of 
character, between which the cultivator has to 
choose how near he will approach the one or the 
other. We have in the one case gjeat hardihood 
of character secured, and such seed will stand 
much rough weather, yielding a produce having a 
rather coarse texture and a large yield per acre. 
The com when ground would yield strong bran and 
somewhat inferior flour. On the other hand, we 
have very fine and delicate wheats which will 
produce a plant which will die if exposed to severe 
cold in the winter, and which also needs much 
warmth in the summer to bring it to perfection. 
The grain of such wheat is distinguished by produc- 
ing but little bran, and that of a fine texture, 
together with an abundance of the best flour ; and 
it is capable of yielding a large produce per acre. 
In the former case we have those conditions which 
enable the wheat plant to struggle with the hard 
and adverse conditions of life; and in the latter 
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instance we have the offspring which has been nursed 
under the most favoured circumstances which can be 
desired. 

Between these two extremes of character we 
may range our immense variety of seed-wheat. 

The skill of the farmer is constantly exerted to 
secure as high quality produce, as the character of 
his soil and the probable severity of his climate will 
safely permit. If he imprudently attempts to secure 
too hig^h a quality, he is punished by more or less 
failure of the crop. If he is too cautious, then 
he produces a more inferior quality of com than 
he need have done. He has a choice which is 
attended with much risk, for he desires to secure as 
good quality com as his soil, and the uncertain 
weather of the coming seasonj^will permit. He, very 
naturally, is guided by the general character of 
previous seasons in that particular neighbourhood ; 
but if the season is exceptionally unfavourable, he 
suffers because he has attempted to secure too high a 
quality, A farmer is very much in the position of 
a sailor, who before commencing his voyage has to set 
his sails, but who has no power to alter them after- 
wards. Will he set them for speed or for safety ? 
Will a rapid voyage or a safe voyage be chosen? 
Some persons smile at farmers complaining so much 
about the weather, but they smile because they are 
ignorant of the risk farmers have to run. They can 
sympathise with the sailor, even when he has the 
opportunity of trimming his sails, but how much 
more so if he could not alter his sails. The farmer 
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has to select his seed-wheat, either for a more, or for 
a less remunerative crop, but, having made his choice, 
he is bound to accept the issue. 

During the adverse seasons of the last four years 
he has had again and again to regret that he 
endeavoured to grow wheat of too good quality. If 
he could have anticipated such unfavourable weather 
he would have sown a hardier and stronger seed, and 
sacrificed some of the high quality he hoped to gain. 
As the result has been, he generally failed to secure 
that high quality ; but he would have had a larger 
3deld and a better quality, if he had aimed at a lower 
but a safer course. The farmer has to make 
his choice under unknown conditions, because 
the season which will determine whether his efforts 
shall be crowned with success, or blighted by dis- 
appointment, is beyond his knowledge. It is not 
simply in reference to wheat that the farmer has to 
decide, before he knows the conditions he has to pro- 
vide against. No other commercial industry is simi- 
larly situated, and the exceptional position which 
agriculture consequently occupies demands fuller 
recognition. Even in 1877, one of the worst years 
for wheat in the unfortunate series we have had, 
some encouraging instances were observable of the 
power of well-bred seeds to overcome the difficulties 
of a bad season. Two cases may be instanced which 
came under the author's examination in the official 
enquiry abeady referred to, showing the results 
obtained from a good seed and one which was still 
more powerful. In the case of the most suitable 
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seed 60 bushels of wheat per acre, weighing 63 
pounds per bushel, were obtained ; and in the case 
of the other 40 bushels per acre, weighing 64 pounds 
per bushel, were obtained. Surely we have en- 
couragement here to carry forward our efforts for 
producing hardy seed of good quality. 

The several varieties of seed -wheat must be 
recognised as subject to modification ; there is no 
permanency of character. We are in each and 
all these cases dealing with seed which has been 
artificially brought to its present form, and 
which will return to its natural character, unless 
by selection and cultivative processes we kept it up 
to the required standard. The time cannot be 
long delayed when the importance of hereditary 
character in farm-seeds will receive more encourage- 
ment from our national societies. Much good has 
been rendered to the character of Live Stock; and 
we have arrived at a degree of perfection which 
enables us to combine hardy character with the 
highest quality of meat What would have been 
the value to farmers if our seed-wheat had been so 
improved that we could have secured in it the same 
happy combination, namely — hardy character and 
high quality. Nor must it be thought that this 
necessity is limited to wheat : every other farm- 
seed awaits similar improvement ; and until this has 
been secured throughout the series, agricultural pro- 
duce will not attain that excellence of which it is 
capable. 

Closely associated with the selection of the seed- 
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wheat is the mechanical condition of the soil 

at the time of sowing. By almost universal testi- 
mony wheat requires a firm seed-bed — not hard nor 
tough, but firm and steady. It must be in such a 
condition that the roots can establish a firm hold 
upon the soil, and yet penetrate it with freedom. 
The presence of a moderate supply of organic matter 
— such as we secure in a good clover ley — con- 
tributes towards this result; and for this reason, if 
there were no others, the successful growth of clover 
becomes such an excellent preparation for wheats 
combining firmness, with freedom for the exten- 
sion of the root On many of our clays there is a 
very marked difference observable as to the best con- 
dition for sowing it with wheat. In some cases the 
wheat may be sown in a muddy soil, and yet it 
grows wellj; on somewhat similar soils the seed would 
be unable to grow with any degree of freedom. The 
presence of a small quantity of sand or organic 
matter will generally account for the differing results. 
The firmness of root is in some soils especially 
necessary to avoid the wheat being thrown out by 
the frost, and thereby being destroyed. The cases 
are very rare where this may not be decreased, if not 
entirely prevented, by introducing more organic 
matter into the soil — ^not in the form of farm-yard 
manure, but — ^by encouraging the growth of clover, 
and thereby improving the mechanical condition of 
the soil. 
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CHAPTEE LV. 

Of the several changes which we had introduced into 
seed-wheaty that which determines its time of 
sowing must not be disregarded. Thus we have 
some wheat which must be sown in the autumn of 
the year, whilst others must be sown in the spring. 
To reverse the time of sowing would in all prob- 
abmty lead to one crop never ripening, and the 
other would be killed by the winter's frost. There 
is nothing permanent in these points of character, 
and by cautious management they may be changed 
from the one into the other. Still we must ever 
remember that although we cannot permanently 
alter any point of character, we must not suddenly 
disregard the work which has already been accom- 
plished. 

It is by no means uncommon for the seed of 
wheat to be so far over- developed that it cannot 
be relied upon for seed. It may have been rendered 
the perfection of wheat for grinding purposes, but 
overdone for seed. An instance of this kind 
came under the author's observation. A remarkably 
fine white wheat was sown on a good red-sand- 
stone soil, in one of the midland counties, and as the 
land was in thoroughly good condition an abundant 
yield of excellent wheat was anticipated. The winter 
was not of an exceptionally severe character in any 
way, but the plant was excessively feeble and 
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delicate, still hope was not given up. The quan- 
tity of seed was not sufficient for the entire field, and 
the headlands around the field were sown with the 
tail -wheat of the same sample. This portion of 
the field presented a much more promising appear- 
ance during its growtL At the time of harvest this 
so-called inferior seed yielded a splendid crop 
of high quality wheat, but the finest seed resulted 
in a failure. The lesson we may learn from this is, 
that improvements must be limited by the con- 
stitutional strength of the seed, and that even 
a good practice may be carried to an excess. 
The ripeness of the wheat at the time of the 
com being cut materially affects the quality of the 
com. If the wheat becomes thoroughly ripe 
before the cutting takes place, there is not only a 
liability to loss from some of the com being shaken 

off, but the quality is somewhat injured. If it 
be cut whilst there is a slight greenish colour remain- 
ing, the skin of the wheat ceases to thicken ; the 
bran is therefore finer and the proportion of 
flour is increased in quantity. Even this im- 
provement must be practised with moderation 
and caution ; but it is by far too firequently seen 
that wheat is allowed to become over-ripe before it 
is cut For use as seed-wheat it is well to allow the 
ripening to take place naturally ; but for the miller^s 
use it may be cautiously anticipated. The changes 
which take place, in those latter stages of ripen- 
ing which precede the harvesting, are calculated to 
thicken the skin of the wheat; and although the 
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additional quantity of bran is objectionable from a 
miller's point of view, it becomes a valuable protec- 
tion for the wheat which has to be used as seed. 

Much has been said respecting the continuous 
growth of wheat, and it is certainly a question of 
great interest. It is by no means a recent modifica- 
tion of farm management, but one which, for 150 
years, has been under more or less successful 
practice. We find it attempted by Jethro TuU, 
who imagined that as vine culture was carried out 
on the Continent, on lapds permanently devoted to 
its growth, so by adopting a similar system for 
wheat he hoped to accomplish the same end. His 
efforts were not successful, for his tillage was very 
imperfecti and he undervalued the assistance 
of manure. Subsequently we had the Lois- 
Weedon system, which possessed many advan- 
tages over its predecessor, * and for several years in 
succession produced thirty-four bushels of wheat per 
acre. The system was really an alternate fallow and 
wheat ; but instead of having all the land in fallow 
one year, and having all in wheat the following, Smith 
adopted the plan of having half of the land in fal- 
low, and half of it in wheat year after year. In 
fact the land was sown so that 2| feet was growing 
wheats leaving 2| feet free for fallowing; .then another 
2-1^ feet of wheat, and another 2^ feet for fallowing. 
His plan was distinctly in advance of Jethro lull's, 
and he promoted his success by deeper and more 
perfect tillage and by a use of manure. 

The series of experiments carried out by Messrs. 

T 



274 THE SCIENCE OP [ohap. iv. 

Lawes and Gilbert are the most perfect we have, 

and the average produce has been about 36 bushels. 
It remained, howevjBr, for Mr. Prout, of Saw- 
bridgeworth, to give the best practical test of 
the system. He has carried out the system on a 
farm of 450 acres, not so much to test the merits of 
the question, but simply for business purposes, and only 
so far as from time to time it might appear to be the 
most profitable system. In this case the entire pro- 
duce of the land — com and straw and hay — ^is sold and 
removed from the farm. He cultivates the land 
very thoroughly by steam machinery, and be 

expends about 50 shillings per acre annually for 

well-selected artificial manures. The soil is a 
clay- loam resting on drift-clay and gravel, and is 
thoroughly well drained. In 1877, which will 
be remembered as one of the recent series of bad 
harvests, the author visited this farm and took speci- 
mens of wheat for analysia The crop selected 
yielded 48 bushels of wheat per acre, weighing 62 
pounds per bushel ; and this was the fourth crop 
of wheat in direct succession, and the ninth com 
crop without any intervening crop or bare fallow. 
This is a system of farming which not only needs 

thoroughly good cultivation and well-selected 
manures, but it also requires a strong loam or 
clay soil containing a good reserve of dor- 
mant matter to be brought into work. It must 
also be assisted by the use of strong and hardy 
well-bred seed, ready to work with energy in the 
face of any difficulties which may arise. 
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The complete ripening of wheat is an im- 
portant and necessary sequel, to the early stage of 
ripening which precedes the placing in stack. 
What are the chemical changes, which take place 
in this final stage of ripening, has not been fully de- 
termined. Farmers and millers are both aware of the 
necessity which demands it; and although some small 
proportion of our wheats are ground before this 
ripening is completed, yet the injurious effects have 
to be checked by grinding in with them some old 
wheats or some suitable foreign wheat. 

The character of the wheat-straw produced, also 
demands the farmer's watchful care. As we find 
variations in the form and character of seed, so do we 
find variations in the straw. These differences arise 
from a series of causes. The seed -wheat used, 
primarily influences the character of the straw : it 
may predispose it to be a long straw, a short straw, 
a weak or a strong straw, a white or a red (tinted) 
straw. The climate also exerts its influence, for it 
may encourage or check the progress. The soil also 
may prevent a straw predisposed to be strong, really 
becoming so, by reason of some necessary material 
being absent. On the other hand, the soil may give 
unusual strength to a naturally weak straw. Eefer- 
ence has already been made (page 258) to the com- 
pound character of these cereal grasses ; and in wheat 
we have all the conditions ready for being developed 
into a grassy gjowth, instead of allowing the 
com -producing tendencies to retain the supreme 
influences. 
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The quality of wheat-Straw differs with the 
degree of ripeness at the time of cutting, for any 
nourishment remaining in the straw, instead of being 
drawn into the grain, necessarily adds to the feeding 
value of the straw. Hence we find, as a very gen- 
eral rule, that those conditions of climate which 
favour the corn-producing powers of the wheat 
crop, yield the poorest feeding -straw. On the 
other hand, if the climate favours the gjassy 
character of the plant, and only feebly assists the 
production of the grain, then we find wheat-straw 
which is often quite as good for feeding purposes 
as any oat-straw. 



CHAPTER LVI. 

There are three distinct objects in view in the 
growth of Barley which claim a passing notice. 
The first object is the production of barley of high 
feeding quality. Here, as in the case of wheats a 
well-cultivated and fertile soil, and a moderately 
warm climate, utilised by a well-bred seed, will secure 
a barley of this character. In those crops which 
follow a good crop of Swedes liberally fed upon 
the landy we generally secure our barley of the 
highest feeding power. The danger we have to fear 
in such cases is an excess of rain, which may predis- 
pose the crop to run into a strong growth of straw. 
When this danger is anticipated, an application of 
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from two to four cwts. of common salt per acre, sown 
as soon as the seed-barley has been harrowed in, is 
nsnally found to prevent the mischief This result 
is due to the steady check which the salt gives to vege- 
tation, inducing a slower, steadier, and firmer growth, 
and rather tending to throw the crop into a more 
perfect seed-bearing condition. 

The second object aimed at is the production of a 
good malting barley. This has generally proved 
to be one of the most remunerative descriptions of 
barley produced, provided it could be grown of very 
superior character. The right and proper seed is, of 
course, one of the most important conditions to be 
secured, but to this we shall refer again. The several 
conditions which applied, as making a barley excep- 
tionally good for feeding purposes, are in some 
degree objectionable for malting. The abun- 
dance of flesh-forming matter which makes barley 
so good for food, is objectionable in a malting barley. 
We have, therefore, to avoid the conditions which 
favour a large production of this flesh-forming matter, 
if we would avoid that result. • It is a matter of 
common observation that when barley is sown after 
a crop of roots has been fed on the land, the malting 
character is distinctly injured. Hence it has become 
a very frequent practice to have a crop of spring 
wheat instead of the barley, and sow the barley 
after the wheat crop. The result is almost invari- 
ably, a better quality of malting barley. 

But some would object to this, on the plea that 
two white Straw crops should never be grown in 
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direct succession. For a long time this was sup- 
posed to be the teaching of agricultural 
chemistry, and under the authority of its supposed 
prohibitions, it became one of the most common 

conditions inserted in the leases of land. So 

long as the land was feebly cultivated and still more 
imperfectly manured, so long it was possible to grow 
a good sample of malting barley immediately after a 
crop of roots, where now it is absolutely necessaiy 
to have some crop to take off the rankness of the 
manure. The author had somewhat recently the 
opportunity of receiving the assistance of two of the 
best brewers in Burton-on-Trent, and the history of 
some of the best malting samples of the year were 
traced out. The finest sample of malting 
barley grown that year, — portion of a crop of 39 
bushels per acre, and weighing 57 pounds per bushel, 
— ^was a second crop of barley after a crop of 
wheat. Thus the reducing influence of two crops 
of com left the land in highly productive condition, 
as was indeed shown by the crop, and yet in that 
temperate condition.that it could produce the most 

delicate growth. 

The condition in which the nitrogenous matter 
may be present, is even more important than the 
percentage. If any of it is imperfectly ma- 
tured, it has a tendency to cause a troublesome 
fermentation subsequently, whereas, if the ripening 
has been perfected, the fermentation is likely to be 
gentle, and held under proper control. It is for this 
reason that malting barley is allowed to become so 
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thoroughly ripe before it is cut, even though it 
inyolyes loss in harvesting in consequence. It is a 
remarkable instance of the extreme accuracy of the 
judgment of some maltsters, that they are able 
to detect such imperfect maturity by the eye with 
the greatest nicety. In the official inquiry already 
referred to this was severely tested, and barleys which 
had been classified according to their respective con- 
ditions, were proved upon analjrsis to corre- 
spond most accurately with their supposed 
composition. It is just the same with the skill 
acquired by millers, in determining the history 
and character of samples of wheat placed 
before them. In both of these cases farmers very 
closely approach to a similar knowledge, and these 
facts should be more generally recognised, because 
they help to show the advanced knowledge which 
has been already secured by farmers, even with- 
out the aid of science. Facts like these also 
show how rich is the store of accumulated informa- 
tion which farmers possess, and from which we shall 
deduce a clearer and more complete knowledge of the 
Principles of Agriculture. 

The process of malting is carried out, for the 
purpose of preparing for the starch being completely 
changed into sugar, as a stage preliminary to its 
fermentation. In doing so, we make use of the natural 
powers of germination in the barley, to enable us 
to imitate, on the floor of the malt-house, that which 
takes place in the soil. As soon as the germ of the 
barley commences to make growth, a body of a very 
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peculiar character is formed around the germ, 
and this body is known as diastase. The germ 
of the barley cannot make growth without proper 
food to make use of for that purpose, and these 
materials must be supplied dissolved in water. 
The food for the germ to use is stored up in the 
seed in a condition prepared for being kept a long 
time, if necessary, and not in a condition ready 
for use. As soon, therefore, as germination— K>r the 
growth of the germ — stakes place, the store of food 
has to be prepared for the yonng germ, and the agent 
which prepares it for use is this diastase. Thus the 
agent which is able to turn the insoluble starch of 
the seed into soluble sugar, is produced at the 
moment it is required, by one of the earliest de- 
compositions resulting from germination. 

The diastase is formed from some portion of the 
nitrogenous matter present, and another portion 
yields ferment in the process of brewing. It is this 
latter portion which sometimes induces a riotous and 
uncontrollable fermentation. If the nitrogenous matter 
be of a fully matured character, and it exists in the 
proportion of I to 10 of starch, it then appears to 
be sufficient and satisfactory in its influence. 
An excess, especially if any of it be in an un- 
healthy condition, is very objectionable, and a defi- 
ciency makes the sample work in an unsatisfactory 
manner. Yet even these nice distinctions are deter- 
mined by the system of management pursued, and the 
course of practice is advisedly arranged so as to 
accomplish a predetermined object 
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The character of the seed-bed exerts a powerful 
influence on the growth of a crop, and in this respect 
barley is unusually sensitive. In one case which 
the author examined, the seed was sown on one por- 
tion of the field in excellent condition, but a heavy 
fall of rain threw the rest of the field into heavy 
working. On the latter portion the growth was 
never satisfactory, and the produce was 24 bushels 
per acre, weighing 54 pounds per bushel On that 
portion of the land which was sown in good condi- 
tion, 40 bushels of barley per acre was obtained 
weighing 58^ pounds per bushel The difference in 
the amount of actual food produced per acre in the 
two cases was 1863 pounds where the barley was 
sown in a good condition, and 1064^ where it was 
sown after a shower of rain. % No doubt it would 
have been more prudent to have stopped the sowing, 
so as to have allowed the soil to get into a good con- 
dition again, before sowing the remainder of the field. 
It also shows how greatly the farmer's success 
is influenced by circumstances,^ which are 
apparently of little moment in the judgment of 
the superficial observer. The same cost for rent, 
taxes,' labour, and seed, was incurred in both cases, 
the result was a source of profit in the one case, and 
a cause of loss in the other. 
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CHAPTER LVn. 

Another object which is sometimes sought to be 
attained in the cultivation of barley is the growth of 
seed-barley, which shall be specially adapted for 
producing a very good malting barley. It is 
well known that some of our best malting barley 
has been imported &om France, and in the attam- 
ment of this result much care has been taken in the 
proper preparation of the seed. No one has done 
more good service in this respect, than the late 
Greorge Gibson Eichardson of London, a name which 
will be long remembered in connection with the 
improvement of malting barley. The over-develop- 
ment of corn has already been briefly noticed (page 
271), but in the case of barley this has long been 
more fully recognised and guarded against. For 
malting purposes we require the barley developed 
to an excess, which is inconsistent with its pro- 
ducing a strong and healthy plant, capable of yielding 
a crop of com. For the maltster's purpose we seek 
to obtain a barley possessing a very thin and 
delicate skin, a small proportion of nitrogenous 
matter, an excessive quantity of starch, condi- 
tions which frequently prevent such barley being 
hardy enough for seed. In some cases it is true 
good malting barley being used for seed manages to 
glide through its duties satisfactorily, but, as a rule, 
the safer course is to take some of the tail-barley 
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from a superior sample, and use that for seed. 
This tail -barley consists of less fully developed 
grains, and for this reason, less unfitted for use as 

seed. 

Another plan is adopted, which has special merits. 
A sample of such tail -barley as has just been 
described, sown upon a strong^ soil in a favourable 
climate, will produce a barley which has lost all 
trace of malting character; but what is the 
real change which has been accomplished? The 

hereditary habit and character of the barley 
has not been altered or reduced, but we have 
lost sight of all evidence that it ever possessed, or 
that it still possesses, any special tendency for pro- 
ducing good malting barley. It looks like an ordi- 
nary sample of feeding barley, and, placed side by 
side with such a barley, little or no difference 
would be observable. Let the two samples, 
however, be sown under circumstances favourable for 
the growth of a malting barley, and their different 
powers become strikingly revealed. The produce of 
one will be Uttle in advance of its own appearance, 
but the produce of the other will be a very superior 
malting barley, and more than usually prolific. 
It is this latter condition which was sought to be 
secured by sowing the seed upon strong land, and by 
giving it greater constitutional strength thereby. 
The character was hidden for a time, still it was 
not lost, but, on the other hand, the seed was being 
so far strengthened by the treatment, that it gained 

an increased power for producing an abun- 
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dant crop. This is a very important consideration 
in the value of any seed, and it is especially so in the 
case of high quality malting barley. 

However great the efforts made in reference to the 
preparation of the seed, it is still impossible to pro- 
duce malting barley on every soil and in every climate. 
Those soils which contain a free supply of lime, 
and are situated in a fine climate, will alone pro- 
duce the finest flavoured and best quality malt- 
ing barley. On other soils the grower may strive 
to attain equal excellence, but his difficulties are 
distinctly greater. 

Attention has been drawn to the fact of the 
nitrogenous matter being discouraged in malting 
barley, but at the same time the formation of starch 
is encouraged. The reason for this is tolerably 
evident, for the percentage of starch determines 
the proportion of sugar ; and this, again, regu- 
lates the quantity of spirit. Hence the larger 
the quantity of starch in the barley, the larger will 
be the quantity of spirit which can be made during 
fermentation. The success arising from the use of 
the barley therefore depends very essentially upon 
there being an abundant supply of starch in the 
grain. The process of malting produces the active 
agent — diastase — already referred to, but its useftd- 
ness is entirely dependent upon the greater or less 
abundance of the starch on which its powers have 
to be exerted. Before the repeal of the Malt Tax 
(1880) it was very important that the barley used 
should be of high quality and complete in itself; 
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therefore superior malting barley commanded a speci- 
ally high price ; but now that the necessity for having 
the diastase and starch in one and the same seed 
has ceased, that special value will probably decrease 

The advantage which the farmer will gain by this 
change respecting the duty which used to be charged 
for malting barley, will probably arise from his power 
to produce diastase from barley of inferior 
quality, and then employing this " active agent " upon 
a supply of starch produced by some other 
plant. If the cheapest supply of the materials 
necessary for the production of food be the primary 
object, the feeder will naturally secure his supply of 
diastase from one cheap source, and — ^it may be — his 
supply of starch from another. Some of the 
inferior malting barley has great powers 
for producing diastase, which bears some pro- 
portion to the percentage of nitrogenous matters 
they contain. This is a subject which well deserves 
very careful scientific examination, and it lias a 
most important practical bearing, influencing, 
as it does, the economic use of malt — or rather 
its active principle, diastase — as an assistant in the 
production of meat. 

The system of the continuous growth of com 
has been extended to the growth of barley on this 
plan, and the facts abeady mentioned (page 278), 
showing the influence of growing barley, after barley, 
after wheat, necessarily lead us to the subject This 
is a practice which has resulted in the production of 
barley of the very highest quality for malting purposes^ 
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as already shown. It is now necessary to see how far 
it influences the produce per acre. The author had 
the opportunity of testing this on Mr. Prout's fann 
in 1877, and through his kindness the following facts 
are recorded. The crop which was examined was 
the third barley crop after two crops of wheat, 
and was consequently the fifth com crop in direct 
succession. In the bad com season of that year 
the crop yielded fifty bushels per acre, weighing 54| 
pounds per bushel, and it was very nearly the 
heaviest crop of barley grown in the kingdom. 

The analysis showed that it possessed full average 
feeding powers, for whilst the largest crop of the 
year contained 225 6|- pounds of actual food, this 
crop contained 2191 pounds. It is quite impossible 
to pursue this question of the continuous growth into 
its full details here, but sufficient has been said to 
show that it demands more courteous and more care- 
ful consideration, than it has hitherto received. 

The influence of bad harvest weather is known 
to every farmer to reduce the feeding value of barley, 
and the injury to its malting character is still greater. 
The examination of two portions of one crop of 
barley — one of which was harvested well, and the 
other was exposed to bad weather — gave the oppo^ 
tunity for a careful examination. The chemical 
analyses gave the following results : — 
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Composition of Barley. 



Tme albuminoid matters (gluten) 

Starch, gum, etc. . . . . 

Fatty matter 

Cellulose 

Nitrogenous matter (not true albumin- 
oids) 

Containing nitrogen . 

Ash 

Water 



Gk>od 


Bad 


Harvest 


Harvest 


Weather. 


Weather. 


6-40 


8-30 


73-97 


67-35 


1-10 


1-24 


2-11 


4-66 


1-01 


2-27 


(159) 


(•36) 


2-45 


2-77 


12-96 


13-41 


100- 


100- 



The first impression gathered from these analyses, 
would naturally be that the barley had improved by 
the exposure to the bad harvest weather, but this is 
another instance which should caution us against an 
improper use of chemical analysis. The crop 
harvested well gave forty bushels of barley, weighing 
56 pounds per bushel ; the damaged crop also yielded 
forty bushels per acre, but this barley only weighed 
40 pounds per bushel. Thus the one crop gave 
1824| pounds of actual food, and the other 1230 
pounds, showing a loss of actual food of 594^ 
pounds on each acre damaged by bad harvest weather. 
This gives us another example, showing how greatly 
the farmer's operations are liable to dis- 
appointment and loss, by circumstances which 
are very often entirely beyond his control. 
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CHAPTER LVIIL 

The cultivation of the Mangel wurzel has been 
brought to a very high success in certain parts of the 
kingdom. Having been obtained by the improve- 
ment of the Sea Beet {Beta maritima), it preserves 
some of its original peculiarities, even under a cultiva- 
tion which has materially modified its form. The 
wild sea beet is common on many of our seaKX>asts, 
having a small bushy growth, with bright shiniog 
and rather fleshy leaves, and it consequently offers a 
striking contrast to those magnificent specimens of 
mangel wurzels with which we are all familiar. The 
object for which the [mangel, wurzel is chiefly culti- 
vated is the production of a large quantify of 
food for stock, which can be removed from the land 
in the autumn of the year and kept in store for 
use in the spring. On many of our clasps and 
clay loams the mangel wurzel is successfully grown ; 
and the land still receives a considerable amount of 
tillage work as a preparation for the following crop. 
It flourishes on rather stronger soils even than the 
swede turnip ; but whatever soils may be chosen, it 
is necessary that they should allow of active tillage 
between the drills. Two objects are thus secured — 
the land is cleaned from weeds, and the soil is ex- 
posed to the action of atmospheric agencies. It was 
at one time ^thought desirable to give more room 
between the plants in the rows than is now allowed, 
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but this encouraged a larger growth than is de- 
sirable. 

The prizes which have been awarded by our 
Agricultural Societies have encouraged an over- 
growth, which has been attained at a sacrifice of 
feeding quality. So long as the test is the weight 
of a single root, or the weight of the produce per 
acre, and no attention is paid to the feeding quality 
of the crop, such test is delusive. It is proved to 
be delusive by those who have compared their 
respective value for feeding purposes ; and a higher 
price per ton is given for the smaller roots. The 
true test of success is the production of the largest 
weight of the best food, and not simply the 
greatest total weight quite regardless of quality. One 
simple test which, as a first step, would check much 
of this error, would be to disqualify all mangel 
wurzels which float in water. No doubt 
even experienced farmers have at times been led 
away by the attractions of excessive weight, but it 
has only been for a short time. 

The author and Mr. Sydney S. Buckman reported 
in the Agricuttwral Gazette of November 18, 1878, the 
results of a series of experiments on the growth of 
mangel wurzel, some particulars of which are here 
given. We determined not only to take the total 
weight per acre, but the relative and comparative 
weight of the mangel wurzel. It is a very common 
practice for persons to take a mangel or swede in 
hand, and thus judge of its solidity and firmness ; 
but this is very accurately accomplished by weigh- 

U 
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ing in water — in fact, determining what is known 
as the specific gravity of the root. It was a matter 
of surprise to our friends to see mangel wurzels, 
swedes, and turnips, of 4, 5, 6, or 7 pounds weight 
each, weighing only 1 or 2 ounces in the water, and 
in some cases actually floating on the water, because 
they were lighter than the water. In the following 
Table these mangels are arranged in order of density, 
commencing with the most solid, and also the most 
nutritious ; for recent examinations go far to justify 
the addition of this relative feeding character. In a 
parallel column the total weights of the roots grown 
per acre are also given. 



Growth of Mangel Wurzel. 



Manure Used. 



Reduced Superphosphate and Bone Meal 
Reduced Superphosphate 

Bone Meal 

Reduced Superphosphate and Superphos- 
phate 

Blood and Sulphate of Ammonia . 
Superphosphate and Sulphate of Ammonia 
Blood and Reduced Superphosphate 
Bone and Sulphate of Ammonia 

Blood 

No Manure 

Superphosphate 

Nitrate of Soda and Superphosphate 
Nitrate of Soda and Bone 
Nitrate of Soda and Sulphate of Ammonia 
Sulphate of Ammonia .... 

Nitrate of Soda 

Nitrate of Soda and Blood 
Nitrate of Soda (double quantity) . 



Specific 


Weight . 


Gravity. 


per Acre. 




T. 0. 


1-053 


33 7 


1-028 


32 14 


1-023 


32 14 


1-022 


32 10 


1-018 


36 7 


1-017 


34 3i 


1-016 


35 10 


1-014 


37 


1-014 


38 


1-013 


27 


1012 


31 7 


1-011 


38 10 


1-010 


34 4 


1009 


38 13i 


1-008 


34 ^ 


1-007 


36 17* 


1-004 


39 10 


-995 


48 
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Some few lessons may be gathered from these 
experimental growths. First, that by the use of 
properly selected manures we can make the 
mang^el wurzels grown upon the same land, and 
from the same seed, more or less dense and 
nutritious at will Where no manure was em- 
ployed the roots were moderately dense ; but Phos- 
phates, especially when in a slowly available 
condition, made them more dense ; whilst very 
soluble Phosphates and Sulphate of Ammonia and 
Nitrate of Soda had a general tendency in this 
case to produce a lighter description of root. 
Secondly, we observe that the heaviest crops generally 
resulted from the use of the most stimulating nitro- 
genous manures; whilst the crops obtained by the 
use of Phosphates were of best quality. Thirdly, it 
must be remembered that under other conditions 
of soil and climate these results may be modified in 
a greater or less degree. The yield of twenty-seven 
tons per acre, without any manure being added, 
shows that the land was in good condition ; hence the 
Nitrate of Soda was used as a whip with consider- 
able eflFect, producing forty-three tons, or an increase 
of sixteen tons per acre. If that land had not been 
in such good condition, the results arising from these 
stimulating whips would not have been as large. 
The manure used should be selected with due regard 
to the general condition of the soil; for we have 
before stated that " more food and less whip " 
is often desirable. 

One great object in the growth of mangel wurzel 
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is the production of food which can be stored and 
kept in good condition until the latter part of 
winter, or even well on into the spring. This keeping 
power is therefore very desirable. The mangel 
wurzel, in common with all other food, must be 
properly ripened before it is used by stock. K 
gathered and properly stored before they be- 
come ripe, they may be preserved very much like 
good keeping apples, gathered in a similar unripe 
condition. Every housekeeper knows that if you 
attempt to store ripe apples for use in the spring, 
they become rotten. Thousands and thousands 
of tons of mangel wurzel are wasted eveiy 
year from the same cause ; and when the heap is 
opened many are found rotten. The primary cause 
is their being too ripe when they were stored 
away. A very warm summer might ripen a crop ; 
but a sharp frost ripens a mangel wurzel at 
once. The whole of the root might not be ripened ; 
but the portion touched by the frost is immediately 
changed in its chemical character. Hence the care 
which experienced farmers show in protecting these 
roots from the frost ; but few, however, realise the 
full influence of this sudden ripening. Further than 
this, it is the densest and, relatively, heaviest roots, 
and not the largest mangel wurzel, which keep 
best. The general tendency of good management 
is in the direction of producing a larger number 
of smaller roots, and of slow and steady growth, 
securing these early, so that they shall be stored in 
a thoroughly unripe condition. In this way a 
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more nutritive food and a larger proportion of 
sugar is secured; the roots ripen gently with 
the warmth of the heap. The labours of the 
cultivator thus meet with their just reward, by a 
store of food in that condition, which combines the 
highest feeding quality with the best preservation, 
until most needed for use by the stock. 



CHAPTER LIX. 

Several varieties of Turnips are cultivated as fann 
crops, and these differ in character from the quick 
grown summer produce which is fully matured for 
use in the autumn, up to the hardy swede, tankard, 
and hybrid sorts which are needed to stand exposure 
to severely cold weather. The intermediate grada- 
tions are very numerous, and give an abundant choice 
for meeting the varied requirements of soil, climate, 
and the time at which they are required for use. 
Here, as also in the case of the mangel wurzel, there 
has been too great a tendency to look after rapidity 
of growth and total weight of crop, rather than the 
high quality of the produce. If it be remembered 
that in 100 tons of good turnips we have about 6 
tons of actual food, and in 100 tons of good swedes 
we have about 10 or 11 tons, we shall also be aware 
of the fact that these small quantities of food are 
presented to stock in company with' enormous quan- 
tities of water. So far as the animal is concerned, if 
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all its supplies of food come to it in this watery con- 
dition, we can readily understand that this exces- 
sive water supply is yery injnrions to its health 
and progress. The whole of this water has to be raised 
to the temperature of the body, and much of it has 
to be evaporated from the body; consequently mnch 
of the food, instead of giving warmth to the body, or 
adding fat, is required for dealing with the ezcessiye 
quantity of water given in the food. K this food is 
given when it is frozen, it necessarily wastes a further 
portion of the food. Hence it is that when the 
swedes or turnips have been so grown that they have 
this watery character, they are almost valueless as food, 
and are only useful in helping stock to eat some drier 
food. 

Excessive rapidity of growth is one of the 

means for producing a heavy weight of almost value- 
less food, and yet we require an active growth to 
secure success. In moderation this point of character 
is most valuable, but in excess it is objection- 
able. Much of this rapidity of growth has been 
encouraged, and has been looked upon as a necessity 
of the case, in the efforts to secure the young plant 
from the attack of the turnip beetle. Two 
plans have been adopted to meet this difficulty 
— namely, a larger quantity of seed, which may 
secure some plants surviving the attack, and the use 
of a manure, which makes the young plant grow 
SO fast, that it has time to get its rough leaves 
formed before it can be eaten up by these turnip 
beetles. Both of these modes of defence appear weak 
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and faulty, and hence it is that two other plans 
have been tried — namely, to draw the early 
broods away from the fields into a convenient 
spot in which they can be destroyed, or to sow 
amongst the crop something they prefer eating. 
Professor Buckman^ recommends the former plan, 
and it has much to commend it to favour. The 
latter method is very easily carried out by sowing a 
small quantity of mustard-seed over the field. In 
either case the young plant has no need to be rushed 
through its early stages of growth at the usual ex- 
cessive rate of progress, but is allowed to make that 
growth under conditions favourable for its healthy 
development. 

This rapid progress is greatly assisted by the 
use of very soluble manures, which certainly 
accomplish the rapid formation of the rough leaf. 
The race of life commenced with such rapidity is 
not checked when this primary object ha.s been 
accomplished, but the plant continues its hurried 
growth until it has been nearly completed. The 
slower grown plants produced imder the opposite 
system, appear as if they have been left far behind, 
and some are tempted to exclaim that they will not 
produce an equally good crop. Suddenly, it may be 
in consequence of hot weather, those of rapid growth 
receive a check and the mildew commences its 
ravages. The numberless minute fungi, of which 
this white dust consists, establish themselves on the 
crop, and forthwith draw upon the nourishment cir- 

^ Science and Practice of Root Cultivation, Hardwicke. 
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culatmg in the plant, like millions of small leeches 
upon animal bodies. The hopes of that crop depend 
upon a new start being made, which shall enable the 
plant to throw off its enemies, and continue its pro- 
gress towards maturity. A fall of rain and deep 
hoeing of the land may also assist the crop in the 
effort, but it is an effort which is rarely successfiiL 
Meanwhile the slower growing crop has strength 
to resist the difficulties of the hot season, and its 
progress is not checked; consequently the mildew 
does not establish itself. The growth, so well 
continued, is maintained until the cells have been 
formed for receiving the richer portions of food, 
and the food has subsequently been stored in them. 
In the former case we may have large bulbs, but 
they sound empty, and float like corks in the 
water; whilst, in the latter instance, we have bulbs 
of moderate size, but they are solid and heavy, 
sinking rapidly in the water. The author 
recently had an opportunity of testing, compara- 
tively, the specific gravity of some good swedes, 
with the proportion of available flesh- forming 
matters they contained. The following results 
were obtained: — 
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Weight and Composition of Swedes. 



Group. 


Specific 
Gravity. 


Percentage of 

available 
Flesh-formers. 


No. 7 


l^OSOO 


•779 


» 2 


1^0296 


•671 


» 1 


1-0293 


•671 


„ 6 


1-0285 


-608 


„ 3 


1-0278 


•520 


„ 6 


1-0250 


-570 


„ 4 


1-0189 


-494 



With one exception, which admits of explanation, the 
specific gravity ranged with the feeding power of the 
swedes. 

If we follow out the history of these two systems 
of growth, whereby we produce swedes and turnips 
more or less rapidly, we find that when the quick 
g^own roots are exposed to a moderate frost 
they quickly become rotten, even if they have 
waited for the frost to act upon them, but the others 
remain firm and steady, awaiting the demands of the 
sheep or cattle. Finally, although as yet we have 
no analyses to prove the fact, the feeding^ proper- 
ties of the slower grown bulbs are consider- 
ably greater than the others. We must not 
allow ourselves to be misled in properly recognising 
the influence of frost, for this differs in intensity. 
During very severe weather (and that of 1880-1 has 
been of this character) even solid and well-grown 
swedes have been destroyed. This is not in any 
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way inconsistent with the previous statement^ which 
only indicated greater powers for resisting 
the destructive influence of frost. According to the 
severity of the winter all root crops demand proper 
protection. 

The ripening of swedes and other slow grown 
turnips is often accomplished by the action of 
frost, for we find crops which cannot be safely eaten 
suddenly changed under its influence. It is true 
that some early grown turnips are, in favourable 
seasons, thoroughly ripened by warmth, but only 
a very small portion is matured by this agency. 
It is very probable that an examination of roots 
ripened by the frost, would show that under its 
influence diastase is formed throughout those 
portions of the plant which have been exposed to its 
action. The influence of this diastase would render 
the formation of gum and sugar a very prompt sequel, 
and the question of the bulb remaining solid, or 
becoming rotten, would probably be determined by its 
more or less watery character. 

The small proportion of solid food contained 
in our best swedes and turnips shows the great im- 
portance of their never being relied upon as the 
only food for an animal. Dry food of some 
kind should always be supplied. This is necessary 
when the bulbs are thoroughly good, but if they are 
badly grown, the need for supplemental food becomes 
still greater. It is a very great disadvantage for any 
kind of stock to be kept upon food, which neither 
satisfies the appetite, nor enables the functions of the 
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body to be perfonned in a healthy manner. The 
losses in some of our ewe flocks, have been clearly 
shown to have arisen very largely from this cause. 
It is known to be the worst possible economy on any 
farm, for the food to be unequal to its proper duty; 
hence the great importance of supplemental food of 
a dry character being always given with swedes and 
turnips. Com, oilcake, and meal may often be given 
with great advantage, and when judiciously employed 
they become a cheap means for improving the food 
and enriching the soil. 



CHAPTER LX. 

The growth of Clover is gradually becoming of an 
increasing importance in the cultivation of the land. 
Under the term " grass " we embody a large num- 
ber of very different kinds of plants, which are com- 
monly known as " natural gjasses." Under the 
term "clovers" we include not only the true 
clovers (genus, Trifolium), but also a series of (legu- 
minous) plants, differing in character in a very 
marked degree, and we distinguish the entire group 
as " artificial grasses." The proper cultivation of 
these is daily becoming more and more important. 
There are difficulties which interfere with their suc- 
cessful cultivation, which have received careful con- 
sideration from agriculturists ; and we may possibly 
gather from their experience some lessons of truth. 
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The term clover sickness has been given to that 
condition of soil which does not permit of the clover 
making a successful growth. For a long time this 
was traced to the exhaustion of the soil of certain 
substances which were needed for the crop. There 
is a certain measure of truth in the explanation given, 
but it does not meet the case fully. An examination 
of the Tables given (pages 102 and 120), showing 
the mineral ingredients removed from the soil by a 
crop of clover, proves how extensive is the demand 
thus made on the soiL The mechanical condition 
of these clover-sick soils was often an equally power- 
ful condition, for when the roots of these " artificial 
grasses " were prevented searching for food, a 
deficiency arose from inability to reach the plant-food 
actually present in the soil. 

One of the peculiarities of clover sickness is 
the early loss of plant, even after it has com- 
menced its growth. This is, in many cases, due to 

the use of seed grown in a warmer climate, 

and thereby rendered so delicate as to be unable to 
withstand the more trying weather to which it is 
exposed. Another and still more frequent loss of 
plant may be traced to the injury done to the young 

plant, by allowing sheep to be fed upon it in the 

first autumn of its growth. Sheep are especially 
disposed to eat into the centre of the young plant 
and take the crown, consequently the water penetrates 
into the plant and it perishes. Happily the system 
is extending, by which the young plants have the fine 
weather of autumn reserved for their uninterrupted 
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^owth. The consequence is that the roots are 

extending beneath the soil, as freely as the 
plant gjows above the surface. It is true that 
the foliage grown in the autumn is not eaten; it falls 
to the ground, and some say it is so much food 
wasted.. Experience teaches us that it is a prudent 
sacrifice, for any foliage so falling decays, and is re- 
produced in the following season; but what is of 
infinitely greater importance is that the plant is being 
strengthened for its legitimate duty, instead of being 
injured or destroyed. When it has this period of 
growth free from all interruption, we find it very 
much better prepared for its work in the spring, for 
even before any marked appearance of growth is 
visible above the surface, the roots are actively 
engaged below. The general result is, that instead 
of killing off a large proportion of the clover, and 
giving the credit of the loss to clover sickness, the 
plants have a way of escape given to them, and in 
the following season they abundantly repay the cul- 
tivator. 

Much of what has been called clover sickness may 
be traced to the clover seeds being sown with a 
com crop. In some years — ^warm and moist seasons 
especially — the young clover-seeds are encouraged to 
grow with too great rapidity, and the feeble growth 
rises high amongst the com. The fact is instead of 
the young plants devoting all their strength to rooting 
themselves into the soil, their energy is mis-directed, 
and much growth is made amongst the com, which 
of necessity weakens the clover-plant. It has not 
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only failed to make a strong root in the soil, bat 
it has also incapacitated itself for doing so. If after 
this weakening process it regains some strength during 
the autumn, only to receive further injury from sheep 
grazing upon it, no one need be surprised at a loss 
of clover-plant before the spring. It may be diflScult 
and expensive to avoid sowing clover-seeds in com, 
but at any rate experience teaches us that an injury 
is sometimes inflicted on the clover-plant, and that 
it at least deserves careful treatment afterwards. 

The application of farm-yard manure to 
young clover-seeds is a practice which has pro- 
duced most satisfactory results, and this is only an- 
other means for preparing the clover-plant for making 
its future growth strong and successful. Reference 
has already been made to the extension of clover- 
root, and the important influence which is thereby 
exerted on the fertility of thQ soil. There is an ad- 
vantage from this system on almost every kind 
of soil, for if it be carried out on clay-soils or clay- 
loams, the surface soil is mellowed in a manner no- 
thing else can equal, and this intermixture of rich 

organic matter greatly improves its fertility. 

If the soils be of an opposite description — sands and 
sandy loams — a strong growth of clover-root entirely 
modifies the nature of the surface soil, and imparts 
to it points of character, which it never before pos- 
sessed. Soils which are hungry — ^because they cannot 
keep any manure which may be added to them, and 
therefore need a constant renewal of supply, — these 
soils are altered by the growth of clover, so that the 
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organic matter thus added enables these soils to 
keep and use manure more advantageously. Nor 
must we ever overlook the enormous advantage which 
the clover-plant gives us for enriching such poor and 
hungry soils, so that a gradual supply of plant- 
food shall be forthcoming, instead of the crop having 
feast and fast alternating, with longer periods for 
the latter than for the former. 

The most advantageous mode of growing 

clover is also shown in allowing the plant to attain a 
full growth, and then mowing it, rather than allow 
the crop to be eaten irregularly as it is growing. 
Herein lies the explanation of the conflict which so 
long raged, respecting the injury inflicted upon the soil 
by repeated cuttings of clover. In very many 
districts farmers knew perfectly well that they could 
gjow more wheat — and better quality wheat — 
after clover had been cut twice, than after one 

cutting, or after an entire feeding of the crop. There 
was evidently some compensating advantage— which 
even now is not fully understood — and it depended 
upon the growth of the clover being allowed to 
be uninterrupted. The soil undoubtedly lost more 
inorganic matter by the two mowings, but by the 
encouragement of a vigorous growth of the clover- 
plant, the soil gained in exchange that which was 
much more valuable for such soils. 

The stores of nitrogen added to the soil 
by the clover-root is by no means fully recog- 
nised or appreciated, as a means for enriching our 
soils with this valuable and expensive fertiliser 
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— nitrog^en. The fact of the clover crop not being 
cut, until it has arrived at that period when it is 
most fully charged with the greatest amount of 
nutriment, ready for enabling the plant to produce 
an abundance of seed, proves how fully the energies 
of the plant have been engaged. The valuable crop 
removed from the land consequent upon the mowing, 
enabled a large amount of good food to be prepared 
for use on the farm, but the mowing stopped the for- 
mation of seed, and thereby preserved the plant in a 
better condition for future work. A double series 
of advantages are thus gained by the aid of the clover 
crop, and it well deserves at our hands every cara 

We are very far from knowing the full value 
of this crop in the fertilisation of our soils, and 
the time is probably not far distant, when it will 
no longer be said that "turnip husbandry is the 
farmer's sheet-anchor," but that " the proper culti- 
vation of the clover crop is of the highest 
importance for the successful tillage of the 
soil." 
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AoBioui/ruBAL Science, description of, 1 ; relation to practice, 2, 7. 

Alumina, not necessary as a food for crops, 114. 

Ammonia, admission into the soil, 86, 107 ; formation in farm-yard 
manure, 131. 

Artificial food, 153. 

Artificial manures, Peruvian guano, 199 ; bones, 201 ; superphos- 
phate of lime, 202 ; mineral superphosphate, 203 ; reduced 
superphosphate, 205 ; influence on feeding value of the crop, 
213 ; analysis of, 215 ; proper duties of, 217 ; difficulty in 
their selection, 219. 

Atmospheric agents, influence on soils, 30, 34, 76, 112, 237. 

Autumn cultivation, 32 ; influence on tough soils, 50. 

Barley, high-feeding quality, 276 ; bad malting barley, 277 ; as a 
second white straw crop, 278 ; composition recognised by the 
eye, 279; process of malting, 280; suitable seed-bed, 281; 
good malting samples, 282 ; not suitable for seed, 283 ; econo- 
mical use of malt, 285 ; continuous growth, 286 ; influence of 
bad harvest weather, 287. 

Bog-soils, how distinguished, 20 ; their formation, 21. 

Bones, as a manure, 201 ; dissolved, 202 ; fermented, 209. 

Cadle, Clement, on use of kainit, 155. 

Capillary powers of soils, 42. 

Carbonic Acid, decay of rocks, 16; production of plant-food, 30; 
uses in the soil, 108 ; in relation to lime, 176. 

Cereal grasses, 258. 

Chalk, action on clay soils, 63, 191 ; on organic matter, 182, 191 ; 
application, 192 ; variation in quality, 193. 

Clays, agricultural, 58 ; pottery, 58 ; density of, 61 ; heavy soils, 
62; influence of organic matter, 62; action of chalk, 63; 
absorbent power, 66, 146 ; yellow, 117 ; green manures, 168, 
171, 175 ; lime as manure, 190 ; chalk as manure, 191. 

Climate, favourable conditions necessary, 100 ; modified by irriga- 
tion, 220, 227 ; Influence on the selection of crops^ 25i\ 'Cfi^'^- 
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lating the system of farming, 253 ; influence on growth of 

straw, 276 ; on barley harvest, 287. 
Clover, adding organic matter to soils, 45 ; preserving solable 

manures, 49 ; a guardian crop, 135, 149 ; as a green manine, 

169 ; artificial grasses, 299 ; clover - sickness, 300 ; autamn 

feedhig, 301 ; sowing with com, 302 ; manuring crop, 302 ; 

double cutting, 303 ; nitrogen in clover-roots, 303 ; valuable 

crop, 304. 
Compost heaps, 188. 
Continuous growth of com, 273, 286. 
Com, oats, 255 ; wheat, 265 ; barley, 276. 
Cultivation, influence on soil, 32. 

Dbainaqe of land, admission of air, 33 ; increase of tempera* 
ture, 38 ; over-drained land, 41 ; influence on heavy soils, 50 ; 
on sub-soils, 80 ; necessary preparation for irrigation and 
warping, 237 ; influence upon oats, 261. 

Exhaustion of soils, 106, 119 ; materials removed, 120. 

Farm-Tabd manure, 113 ; composition, 124, 140 ; especially 
valuable, 125 ; distribution in soil, 127 ; mixed character, 127, 
140 ; waste, 129, 133 ; treatment during fermentation, 130, 
152 ; conversion into vegetable matter, 135 ; circumstances 
regulating its quality, 138 ; time of application, 147 ; thorough 
distribution, 150 ; use on com crops, 151 ; increase in fertilis- 
ing power, 153 ; box and pit system, 163 ; stall system, 164; 
in relation to lime, 188 ; in relation to natural manures, 198 ; 
use upon clover, 302. 

Fem, as a green manure, 173. 

Ferric oxide, 117. 

Ferrous oxide, 116. 

Folding sheep, advantages of the system, 157 ; necessary precau' 
tions, 158 ; increases manure, 159. 

Food, time of highest nutrition, 161 ; influenced by manures used, 
213; early supplies, 234; high quality produce, 234 ; oatmeal 
as food, 265. 

Frost, influence of, 18. 

Granite, composition of, 14. 

Grasses, produced by fibrous covering, 228 ; by irrigation, 289 ; 

aquatic, 239. 
Green manures, 166 ; crops suitable for, 170. 
Guano, Peravian, introduction, 199 ; composition, 200. 

iNORaANic matter in crops, 102 ; full supply necessary, 103 ; in 
green manares, 166. 
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Iron, assists in formation of soils, 17 ; rusty mould-board, 17 ; 
essential plant-food, 92 ; condition unfavourable to growth, 
116. 

Irrigation producing artificial climate, 220, 227 ; selection of 
water, 221 ; use of drainage water, 225 ; a shield to the soil, 
229 ; precautions against frost, 230 ; use of sewage, 231 ; 
early produce, 234 ; high feeding character, 234 ; warping 
land, 236 ; good nnder-drainage necessary, 237. 

Kainit, its nse, 155. 

Lawes and Gilbert, manurial value of artificial food, 154 ; con- 
tinuous growth of com, 273. 

Lime, caustic, 175 ; slaked, 177 ; economical use, 177 ; its app]i< 
cation, 178 ; action on organic matter, 180 ; formation of 
double silicates, 184 ; formation of nitrate of potash, 186 ; as 
plant-food, 189. 

Lime-pan, 179. 

Liquid manure, 129, 145, 164. 

Manqel-Wubzel, 288; overgrowth, 289; density and feeding 
value, 290 ; storage, 292 ; ripening, 293. 

Manure, equivalent to a purchase of, 31 ; influenced by soil, 74 ; 
a supplement to, 92; purification in soils, 94; suitability, 105; 
farm-yard manure, 113 ; necessity for use, 123 ; fold-manure, 
156 ; liquid manure, 164 ; green manures, 166 ; artificial 
manures, 199 ; analysis of, 215. 

Maiis, composition of, 194 ; uses on the land, 197. 

Mechanical condition of soils, 61-67 ; influence on plant-food pre- 
sent, 67, 74 ; green manures, 169, 171 ; loss by feeding crops, 
172. 

Nitrate of Potash, formation, 155, 186 ; French system, 187 ; 

previous practice in England, 187. 
Nitrate of soda, 291. 
Nitrogen, supply for plants, 107. 

Oats, 255 ; variations in produce and quality, 256 ; influence of 
good seed, 257; cereal grasses, 258; straw of crop, 260 ; suitable 
soils, 260 ; influence of drainage, 261 ; ripening of oats, 262 ; 
Swiss oats, 263 ; Scotch oats, 264 ; as food, 265. 

Organic matter, influencing capillary power, 43 ; enriching the 
soil, 45 ; production in the soil, 46 ; duties discharged, 47, 
108, 113 ; various forms, 60, 140 ; influence on clay soils, 62, 
117 ; produced from farm-yard manure, 135 ; green manures, 
166; action of lime, 180 ; chalk, 182. 

Oxygen, promoting decay, 16, 30 ; formation, ol ^Vas^-l^^^^^^ 
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Peatt Soils, formation, 21 ; distiT^gniflhing character, 20. 

Phosphate of alumina, 212. 

Phosphate of iron, 212. 

Phosphates (mineral), 203 ; economy in use, 203 ; varieties and 
their uses, 211. 

Phosphoric acid, its duties, 59. 

Plant-food, 80 ; increase in soil, 47, 81 ; its preservation, 48 ; 
gradual supply, 49 ; deficiency in supply, 53, 219 ; influenced 
by mechanical conditions, 67; analysis o^ 86 ; in water-cultnre 
experiments, 89 ; preparing plant-food, 89 ; conditions regu- 
lating its use, 91; the source of inorganic matters, 96; sources 
of organic matter, 97 ; full supply necessary, 99, 103, 126, 
1 27, 219 ; small percentage in soils, 109 ; active and dormant 
matters, 110 ; from farm-yard manure, 140, 144 ; delicate 
character, 150 ; from artificial food, 154 ; from kainit, 155 ; 
from folding sheep, 157 ; from green manures, 167, 171 ; loss 
of, in feeding a crop, 172; influenced by lime, 183; from 
chalk, 193 ; in marls, 196 ; in shell -sand, 198 ; in Peruvian 
guano, 200 ; in bones, 202 ; in superphosphate, 203, 204, 
208 ; in relation to feeding quality of produce, 213 ; exhausted 
by some manures, 217; in irrigation "water, 221 ; removed from 
"water by soil, 223 ; added to soil by clover crop, 803. 

Plough-pan, cause of, 70 ; influence on plant-growth, 73 ; removal, 
75. 

Potash, assists in formation of soils, 17; cheap supply, 185 ; action 
of lime, 183, 186. 

Primitive rocks, materials supplied, 12 ; composition, 14 ; decay, 
15. 

Prout, John, his system of tillage, 37, 274, 286. 

Ripening of com — oats, 262 ; wheat, 275. 

Ripening of root crops — mangel-wurzel, 293 ; Swedes, 298. 

Sai/t, when injurious to land, 118. 

Sands, density, 61 ; light soils, 61 ; absorbent powers, 66, 145 ; 
influence on rental value, 66 ; guardian crop for, 136, 149 ; 
green manures, 168. 

Sea-weed as green manure, 173. 

Seed, germination of, 70 ; influence of moisture, 84 ; selection, 
240 ; hereditary influence, 241 ; productive character, 242 ; 
feeding character, 243 ; reproductive powers, 243 ; iii^uenoe 
of age, 244 ; change of seed, 245 ; change of soil and climate, 
246 ; well - bred seeds, 248 ; suitability to special districts, 
249 ; over-developed, 271, 283 ; hidden characters, 283. 

Seed-bed, its proper character, 69 ; necessary conditions, 70 ; 
depth, 72 ; firmness witii iieedom, 82 ; influenced by size of 
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seed, 83 ; preservation of moisture, 84 ; when required hard, 
84 ; for oats, 260 ; for wheat, 271 ; for barley, 281. 

Sewage water, 230 ; its use for irrigation, 281 ; alternate applica- 
tions, 233. 

Shell-sand, its composition, 198. 

Silica, its various forms, 57 ; value as plant-food, 93. 

Silicate of alumina, 58. 

Silicates (double), their duties, 58, 113, 115, 148 ; components, 
114, 184 ; action of lime, 184. 

Soda liberated by lime, 183. 

Soil, the raw material, 9 ; points of character, 10, 23 ; formation, 
11, 21, 22 ; classification, 24, 26 ; mechanical analysis, 25 ; 
active and dormant matter, 27, 29, 110, 112; admission of 
air, 34 ; temperature, 38 ; horse labour, 40 ; capillary powers, 
41 ; holding soluble manures, 47, 114 ; hungry soils, 49 ; 
obstinate soils, 50 ; kind and grateful soils, 51 ; sickly, 52 ; 
component parts, 55; analyses, 56, 111; agricultural clay, 
58 ; pottery clay, 58 ; physical properties, 61 ; density, 61 ; 
oiganic matter, 62 ; influence of chalk, 63 ; stones, 64 ; water 
supply, 64 ; holding water, 65 ; absorption of water, 66 ; for 
a seed-bed, 69 ; a feeding- ground, 73 ; deepening soils, 75 T 
exhaustion, 106, 119; injurious ingredients, 116; proper 
supply of plant-food, 122 ; profitable loans, 122 ; guardian 
crops, 136 ; separation of plant-food from water, 223. 

Spade husbandry, 77. 

Straw, oat, 260 ; wheat, 275. 

Sub-soil, tillage of, 35, 76, 79. 

Superphosphate of lime, 202 ; manufacture, 203 ; valuation, 205, 
207 ; influence on some crops, 208. 

Superphosphate (mineral), 203. 

„ (reduced), 205, 206, 207, 209, 210, 291. 

Syenite, composition of, 14. 

Temfebatube, changes of, 17. 

Tillage operations on soil, 32, 78 ; essential to fertility, 100. 

Trap, composition of, 14. 

Tull, Jethro, his system of tillage, 37, 273. 

Turnip husbandry, seed-bed, 83 ; manures, 212 ; feeding value of 
produce, 213 ; excess of water, 293 ; rapid growth, 294 ; turnip- 
beetle, 294 ; mildew, 295 ; density and feeding value, 296 ; 
ripening, 298 ; dry food, 298. 

Warping Land, 235 ; character of water necessary, 235 ; accumu- 
lation of soil^ 236. 

Water, action in formation of soils, 17, 22 ; removal by drainage, 
33 ; stagnant, 40 ; supply in soils, 64 ; held by soils, 65^ 168 \ 
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absorption by soils, 66 ; influence on rental value, 66 ; irrigation, 
220 ; as a carrier of manure, 224 ; drainage water and irriga- 
tion, 225 ; sewage water, 230 ; warping land, 235 ; three 
systems for use, 237. 
Wheat, varieties, 265 ; hardy character, 266 ; high quality, 267 ; 
selection of seed, 268 ; seed-bed necessary, 270 ; seed-time, 
271 ; over • developed seed, 271 ; continuous growth, 273 ; 
ripenings 275. 



THE END. 
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THE GALLIC WAR. Edited by W. G. Rutherfoiid, 
^.A., Balliol Collie, Oxford, and Assistant-Master at St. 
Paul's School, \RtaA.-^. 

so,ooo.ix.8x. 
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CiESAR. SCENES FROM THE FIFTH AND SIXTH 
BOOKS OF THE GALLIC WAR. Selected and Edited 
by C. COLBECK, M.A., Fellow of Trinity College^ Cambridge, 
and Assistant-Master at Harrow. [Ready, 

THUCYDIDES. Book IV. Ch. 1—41. THE CAPTURE OF 
SPHACTERIA. Edited by C. E. Graves, M.A., Classical 
Lecturer and late Fellow of St. John's Collie, Cambridge. 

[Ready. 

HB&ODOTUS Selections from Books VII. and VIII. 

THE EXPEDITION OF XERXES. Edited by A. a 
CooKB, B.A., Fellow of King's College, Cambridge. 

[Riody. 

THB G&BXSK BIiEGIAC POSTS. Selected and Edited by Ref. 
Herbert Kynaston, M.A., Principal of Cheltenham Col- 
lege, and formerly Fellow of St. John's College, Cambridge. 

[Ready, 

HOSKSB'S fill AD. Book XVIII. THE ARMS OF ACHIL- 
LES. Edited by S. R. James, B.A., Scholar of Trinity Col- 
lege, Cambridge, and Assistant-Master at Eton. [In preparaium, 

OVY. THE HANNIBALIAN WAR. Being part of the 2ist 
and 22nd books of Livy, adapted for the use of b^rinneis. 
By G. C. Macaulay, M.A., Assistant - Master at Rugby, 
formerly Fellow of Trinity College, Cambridge. [Ready. 

VSBGII.. THE SECOND GEORGIC. Edited by Rev. J. BC 
Skrine, M.A., late Fellow of Merton College^ Oxford, and 
Assistant-Master at Uppingham. [Ready^ 

HORACE. SELECTIONS FROM THE EPISTLES AND 
SATIRES. Edited by Rev. W. J. F. V. Baker, B.A, 
Fellow of St John's College, Cambridge, and Assistant- 
Master at Marlborough. [Ready. 

PLATO. EUTHYPHRO AND MENEXENUS. Edited by 
C. E. Graves, M.A. [Ready, 

WVT. THE LAST TWO Icings OP MACEDON. SCENES 

FROM THE LAST DECADE OP LIVY, Selected and 

Edited by F. H, Rawlii^s, ^k., YeKLoyr of King's College, 

Cambridge, and AssistanVMasXex aX.'EAOTi. \In ^frt^vQ^kiim. 
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BURZPZDSS. HECUBA, Edited by Rev. John Bond, M.A., 
and A. S.IWalpole, M.A. \In preparation, 

OZCERO. SELECT LETTERS, Edited by Rev. G. E. Jeans, 
M.A., Fellow of Hertford College, Oxford, and Assistant- 
Master in Haileybury College. \In preparation, 

aORACB. THE THIRD AND FOURTH BOOKS OF 
THE ODES, Edited (each book separate) by T. E. Page, 
M.A. \In preparation, 

aORACE. SELECT ERODES AND ARS POETIC A, 
Edited by Rev. H. A. Dalton, M.A., late Student of Christ 
Church, Oxford. \In preparation. 



HAGMILLAN'S CLASSICAL SERIES FOB 
COLLEGES AND SCHOOLS. 

3emg select portions of Greek and Latin authors, edited 
nth Introductions and Notes at the end, by eminent 
cholars. The series is designed to supply first-rate text- 
K>oks for the higher forms of Schools, having in view 
Iso the needs of Candidates for public examinations at the 
Jniversities and elsewhere. 

The following volumes are ready : — 
■SCHYliUS-PERSJi. Edited by A. O. Frickard, M.A., 
Fdlow and Tutor of New CoU^^ Oxfoid. With Map. y. 6d. 

lATUUbUS— 8BI.BCT POBM8. Edited by F. P. SiMPSON, 
B.A., late Scholar of Balliol College, Oxford. New and 
revised Edition, ^s, 

IIOBRO— THB 8BCOND PHIIiIPPIO ORATION. From 
the German of Karl Hahn. Edited, with Corrections and 
Additions, by John E. B. Mayor, Professor of Latin in the 
University of Cambridge, and Fellow of St John's College. 
New edition, revised. 5x. 

THE CATIIiINB ORATIONS. From the German of Karl 
Hahn. Edited, with Additions, by A. S. Wilkins, M.A., 
Professor of Latin at the Owens College, Manchester. New 
edition. 3^. 6d, 

THB AOADBMIOA. Edited by James iLvs>^ VL.K^ 
Fellow 0/ Cains ColltfBt^ Cambtidge. v* ^d. 

a a 
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TkefoiUwmgartmprepar^aiam:-' 
JB8CHIlfB»-ZM OTESIPHONTBM. Edited by Rev. T. 
GwATKiN, M. A., late Fellow of St. John's College, Cambridge. 

[In the press, 

CICERO— PRO P. SESno. Edited by Rev. H. A. Holden, 

M.A., LL.D., Head-Master of Ipswich School late Fellow 

and Assistant Tutor of Trinity College, Cambridge, Editor 

of Aristophanes, &c. 

DBMOSTHSMBS^nRST PHIUPPIO. Edited by Ref. 
T. GwATKiN, M.A., late Fellow of St John's CoDege^ 
Cambridge. 

BURIPIDSa — ■B&BCT PI.AY8, by various Editors. 

AIiCESTIS. Edited by J. E. C Wblldon, B.A., Fellow 
and Lecturer of King's College, Cambriuige. 
BACCHAB. Edited by E. S. Shuckbu&gh, M. A., Assistant- 
Master at Eton College. 

MEDEA. Edited by A. W. Vbrrall, M.A., Fellow sad 
Lecturer of Trinity College, Cambridge. 

IPHIGENEIA. IN TAURIS. Edited by E. B. ENGLAND, 
M.A., Lecturer at the Owen's College, Manchester. 

HERODOTUS— THE IWASION OFOREECE BY XERXES. 
Books VII. and VIII. Edited by Thomas Cass, M.A., 
formerly Fellow of Biasenose College, Oxford. 

HOMER'S ODYSSEY— Books XXI.— XXIV. Edited by S. G. 
Hamilton, B.A., Fellow of Hertford CoU^e, Oxford. 

HORACE— THE ODES. Edited by T. E. Page, M. A., Master at 
Charterhouse and late Fellow of St. John's College, Cambridge. 

THE SATIRES. Edited by ARTHUR Palmer, M.A., 
Fellow and Professor of Latin in Trinity College, Dublin. 

THE EPISTIiES AND ARS POETICA. Edited by Pro- 
fessor A. S. WiLKiNS, M.A. 

LIVY— Books XXIII. and XXIV. Edited by Re¥. W. W. 
CAPtts, M.A. 

Books II. and III. Edited by Rev. H. M. Stephenson, 
M.A., Head-Master of St. Peter's School, York. 
THE SAMNITE WARS as narrated in the First Decade of 
JJvy. Edited by Rev. T. H. Stokoe, D.D., Lincoln College, 
Oxford^ Head -Master of 'Kin^aCo\it«jt^^Q^\jwAswi. 
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IiYSZAS— 8B&BOT ORATIONS. Edited by E. S. Shuck- 
BUROH, M.A., Assistant-Master at Eton College. [In the press, 

PlaATO.— MENO. Edited by E. S. Thompson, M.A., Fellow 
of Christ's College, Cambridge. 

AFOLOaY AND CRITO. Edited by F. J. H. Jenkinson, 
M.A., Fellow of Trinity College, Cambridge. 

THE REPUBLIC. Books I.— V. Edited by T. H. 
Warren, M.A., Fellow of Magdalen College, Oxford. 

PI.UTARCH — IiIFE OF THEMISTOCIiBS. Edited 
by Rev. H. A. HoLDEN, M.A., LL.D., Editor of ** Aris- 
tophanes," late Fellow and Assistant Tutor of Trinity College, 
Cambridge, &c. \In the press, 

SOPHOCLES— ANTIGONE. Edited by Rev. JOHN BoND, 

M.A., and A. S. Walpole, M.A. 
TACITUS—THE HISTORY. Books I. and II. Edited by C 

E. Graves, M.A. 

THUCYDIDBS— Books I. and II. Edited by H. Broadbsnt, 
M.A., Fellow of Exeter College, Oxford, and Assistant- 
Master at Eton College. 

Books III. IV. and V. Edited by C. £. Graves, M.A., 
Classical Lecturer, and late Fellow of St. John's College, 
Cambridge. (To be published separately.) 

Other volumes will follow, 

CLASSICAL. 

JBSOHYIiXrs— 7*^^ EUMENIDES, The Gfeek Text, with 
Introdnction, English Notes, and Verse Tianslation. By 
Bernard Drake, M.A., late Fellow of King's College, 
Cambridge. 8va 5j. 

THE ORESTEIAN TRILOGY, Edited, with Introduction 
and Notes, by A. O. Prickard, M.A., Fellow and Tutor of 
New College, Oxford. 8vo. [In preparation, 

ANTONINUS, MARCUS AUREMUS— ^(9(9^/F. OF THE 
MEDITA TIONS, The Text Revised with Translation and 
Notes. By Hastings Crossley, M.A., Professor of Greek 
in Queen's College, Belfast 8vo. In tKt ^t^^. 
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ARATT78— r^^ SKTES AND WEATHER-FORECASTS 
OF ARATUS, Translated with Notes by E. Poste, M.A., 
Oriel College, Oxford. Crown 8vo. y. 6d. 

ARISTOTI.B— y^ryv INTRODUCTION TO ARISTOTLES 
RffETORIC. With Analysis, Notes, and Appendices. By 
E. M. CoPK, Fellow and Tutor of Trinity College. Cambridge, 
8vo. 14/. 

ARISTOTLE ON FALLACIES; OR, THE SOPfflSTICI 
ELENCHI, With Translation and Notts by E. P08TE, M. A. 
Fellow of Oriel CoDege, Oxford. 8vo. %s. td, 

THE METAPHYSICS. BOOK I. Translated by a Cam- 
bridgfe Graduate. 8vo. 5^. \Book 17. in preparation. 

THE POLITICS. Edited, after Susemihl, by R. D. HiCKS, 
M.A., Fellow of Trinity College, Cambridge. 8vo. 

[In preparaHon. 

THE POLITICS. Translated by J. iE. C. Welldon, B.A., 
Kellow of King's College, Cambridge. 8vo. [In preparation, 

ARISTOPHANES— TWi? BIRDS. Translated into English 
Verse, with Introduction, Notes, and Appendices, by B. H. 
Kennedy, D.D., Regius Professor of Greek in the University 
of Cambridge. Crown 8vo. 69. Help-Notes to the same, 
for the use of Students, is. 6d, 

ARNOLD— /f HANDBOOK OF LATIN EPIGRAPHY- 
By W. T. Arnold, B.A. [In preparation. 

THE ROMAN SYSTEM OF PROVINCIAL AD- 
MINISTRATION TO THE ACCESSION OF CON 
STANTINE THE GREAT By the Same Author. 
Crown 8vo. 6s. 

'* Ought to prove a valuable handbook to the Student of Roman His- 
tory. "—Guardian. 

ma»Q^iB.n— SHORT EXERCISES IN LATIN PROSE 
COMPOSITION AND EXAMINATION PAPERS IN 
LATIN GRAMMAR, to which is prefixed a Chapter on 
Analysis of Sentences. By the Rev. H. Brlcrrr, M.A., 
Assistant Master in King's College School, London. New 
Edition. fSmo. u. 6rf. 

Key to the above (for Teachers onV^^. as. 6d. 
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BELCHER Continued — 

SHORT hXKRCISES IN LATIN PROSE COMPOSI- 
TION PART II„ On the Syntax of Sentences, with an 
Appendix includrng, EXERCISES IN LA TIN IDIOMS, 
^c. i8mo. 2s, 

niMKOHLTE^GREEK AND ENGLISH DIALOGUES FOR 
USE IN SCHOOLS AND COLLEGES. By John 
Stuart Blackik, Professor of Greek in the University of 
Edinburgh. New Edition. Fcap. 8vo. 2s, 6d, 

CIOBRO— TWi? ACADEMICA. The Text revised and explained 
by James Reid, M.A., Fellow of Caius College, Cambridge. 
New Kdirion. With Translation. 8vo. [/« the press. 

THE ACADEMICS. Translated by James S. Reid, M.A. 
8vo. 5j. 6d, 

SELECT LETTERS.— After the Edition of Albert 
Watson, M.A. Translated by G. E. Jeans, M.A., Fellow 
of Hertford College, Oxford, and Assistant-Master at Hailey- 
bury. 8vo. loj. 6d. 

OZiASSZCA]:. WRITERS. Edited by J. R. Grebn, M.A. 
Fcap. 8vo. is. 6d. each. 

A Series of small volumes upon some of the principal 
classical writers, whose works form subjects of siudy in our 
Schools. 

EURIPIDES. By Professor J. P. Mahaffy. [Ready. 

LIVV. By Rev. W. W. Capes, M.A. [Ready. 

SOPHOCLES. By Prof. Lewis Campbell. [Ready. 

VERGIL. By Professor H. Nrttleship. [Ready, 
DEMOSTHENES. By S. H. Butcher, M.A. ^. 

CICERO. By Professor A. S. VVilkins. I j^ 
TACITUS. By Messrs. Church & Brodribb. { prffaration 
HERODOTUS, By James Bryck, M. A. J 

niAA.%— PRACTICAL HINTS ON THE QUANTITATIVE 
PRONUNCIATION OF LATIN, for the nse of Classical 
Teachers and Linguists. By A. J. Ellis, B.A., F,^.5s 
Extra /cap. 5vo. 4J. 6rf. 
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mxajMAMT^^EXEIiCISES OAT LATIN SYNTAX AND 
IDIOAf, ARRANGED WITH REFERENCE TO 
ROBY'S SCHOOL LATIN GRAMMAR, By E. B. 
England, M.A., Assistant Lecturer at the Owens College, 
Manchester. Croi^-n 8vo. 2x. (id. Key, for Teachers only, 
2J. iki. 

EURIPIDSS— MEDBA. Edited, with Introdnction and Notes, by 
A. W. Verrall, M.A., Fellow and Lecturer of Trinity 
CoUege, Cambridge. 8vo. Is, 6d, 

mvom^n—THE PROBLEM OF THE HOMERIC POEMS, 
By W. D. GsDDxs, Professor of Greek in die UnWersity of 
Aberdeen. 8va 141. 

OlaADSTONB— Works by the Rt. Hon. W. £. GlADSTONS, M.P. 

yUVENTUS MUNDI; or, Gods and Men of the Heroic 
Age. Second Edition. Crown Svo. lor. &/. 

THE TIME AND PLACE OF HOMER, Crown 8vo 
6j. 6^ 

A PRIMER OF HOMER. iSmo. ij; 

OOODlxriM— Works by W. W. GooDWiN, Ftofessmr of Gieek b 
Harvard University, U.S. A 

SYNTAX OF THE MOODS AND TENSES OF THE 
GREEK VERB, New Edition, revised. Crown Svo. 
6j. td, 

A GREEK GRAMMAR, New Edition, revised. Crown 
Svo. 6j. 

" It is the best Greek Grammar o£ its sise in the EngKsh language.'*— 

Athenaum. 

A GREEK GRAMMAR FOR SCHOOLS, [In the pras, 

GOODWIN-^ TEXT-BOOK OF GREEK PHILOSOPHY, 

based on Ritter and Preller's "Historia Philosophiae 

Graecae et Romanae." By Alfred Goodwin, M.A. Fello«7 

of Baliiol College, Oxford, and Professor of Greek in 

t/jjiVersity Collie, London. %vo. \I» freparatwM. 
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•RBBNWOOD— 7*^^ ELEMENTS OF GREEK GRAM- 
MAR^ including Acddenoe, Irregular Verbs, and Principles of 
Derivation and Composition ; adapted to the System of Crude 
Forms. By J. G. Greenwood, Principal of Owens College, 
Manchester. New Edition. Crown 8vo. 5j. td, 

HBRODOTU8, Books l.—lll.^THE EMPIRES OF THE 
EAST, Edited, with Notes and Introductions, by A. H. 
Sayce, M. a., Fellow and Tutor of Queen's College, Oirford, 
and Deputy-Professor of Comparative Philology. 8vo. 

[In preparation. 

moi^QSON -MYTIfOLOGY FOR LATIN VERSIFICA 
TION. A brief Sketch of tiie Fables of tiie Ancients, 
prepared to be rendered into Latin Verse for Schools. By 
F. Hodgson, B.D., late Provost of Eton. New Edition, 
revised by F. C. Hodgson, M.A. i8mo. 31. 

HOMBR— T:^:^ ODYSSEY, Done into English by S. H. 
Butcher, M.A., Fellow of University College, Oxford, and 
Andrew Lang, M.A., late Fellow of Merton College, Oxford. 
Second Edition, revised and corrected, with new Introduction, 
additional Notes and Illustrations. Crown 8vo. los, 6d, 

THE ILIAD, Edited, with Introduction and Notes, by 
Walter Leaf, M. A., Fellow of Trinity College, Cambridge, 
and the late J. H. Pratt, M.A. 8vo. \In preparation, 

THE ILIAD. Translated into English Prose. By Andrew 
Lang, M.A., Walter Leaf, M.A., and Ernest Myers, 
M. A. Crown 8vo. \In preparation. 

BEOXOBBXC DZOTZOITABT. For Use in Schools and Collies. 
Translated from the German of Dr. ;G. Autenreith, with 
Additions and Corrections by R. P. Keep, Ph.D. With 
numerous Illustrations. Crown 8vo. 6s, 

HORACB— 7W^ WORKS OF HORACE, rendered into 
English Prose, with Introductions, Running Analysis, and 
Notes, by J. Lonsdale, M.A., and S. Lee, M.A. Globe 
8vo. 3^. 6d, 

THE ODES OF HORACE IN A METRICAL PARA- 
PHRASE, By R. M. Hoysndek. ^&;xXx«. Vck^. V«^^ *^« 
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HORACE Continued — 

BOkACJS'S UFR AND CHARACTKR. An Ephome of 
his Satires and Epistles. By R. M. Hovxndbn. Extra f cap. 
8vo. 4r. fiil 

WORD FOR WORD FROM ffORACE. ^e Odes 
literally Versified. By W. T. Thornton, CB. Crows 
8vo. 7j. 6dl 

JMLOYLnov--FJRST STEPS TO GREEK PROSE COM- 
POSITION. By Blomfield Jackson, M.A. Assistant- 
Master in King's CoU^e School, London. New Edition 
revised and enlarged. i8mo. is. 6d. 

KEY TO FIRST STEPS. i8mo. y. 6^. 

SECOND STEPS TO GREEK PROSE COMPOSITION, 

with Miscellaneous Idiom«, Aids to Accentuation, and Kxami- 
nation Papers in Greek Sdbolarshipi iSuio. 2s, 6d» 

»*» A Key to Second Steps, for the use of Teachers only, is in 
preparation. 

JACKSON—^ MANUAL OF GREEK PfflLOSOPHY. By 
Henry Jackson, M.A., Fellow and Praelector in Ancient 
Philosophy, Trinity College, Cambridge. [In prepmratum. 

jlBBB — Works by R. C Jebb, M.A., Professor of Gnek in the 

University of Glasgow. 

THE ATTIC ORATORS FROM ANTIPIfON TO 
ISAEOS. 2 vols. 8vo. 25J. 

SELECTIONS FROM THE ATTIC ORATORS, ANTL 
PHON, ANDOKIDES, LYS/AS, ISOKRAJES, AND 
ISyEOS. Edited, with Notes. Being a companion volame to 
the precedinjj work. 8vo. 12s. dd. 

THE CHARACTERS OF THEOPHRASTUS. Translated 
from a revised Text, with Introduction and Notes. Extra fcap. 
8vo. df. 6^:. 

A PRIMER OF GREEK LITER A TURE, j8mo. i /. 
> mSTORY OF GREEK LITER 4 TURE. Cipwn 8vo. 
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jmLVlAi*-^T£fIRT££N SATIRES OF JUVBNAL. Witt 
* Commentary. By John E. B^ BIatoiL, M.A., Kemiedy 
Profeasor of Latin at Cambric^. VoL I. Second Edition, 
enlarged. Crown 8vo. Is, 6d. Vol. II. Crown 8vo. lor. 6d, 

*' For really ripe scholarship, extensive acquaintance with Latin literao 
ture, and familiar knowledge of continental criticism, ancient and modem, 
it is unsurpassed am .nc; English editions." — Pkof. Conington in 
**Edinbukqh Review.' 

" Mr. Mayor's work is beyond the reach of common literary compli- 
ment. It is not only a coinmeniary on Juvenal, but a mine nf the most 
valuable and interesting information on the history, social condition, 
manners, and beliefs of the Roman world during the period of the early 
Empire."— Prof. Nettleship in the ''Academy. * 

" Scarcely any valuable contribution that has been hitherto made to the 
interpretation of Juvenal will be sought in vain in this commentary .... 
This excellent work meets the k)ng felt want of a commentary to Juvenal 
on a level with the ditmands of in'dem science." — Pkof. Friedlander 

OF KONIGSBERG IN " JaHRESBSRICHT F&K ALTKKTHUMSWISSEMSCMAFT." 

:ilEiV^RT—MANC/AL OF ANCIENT GEOGRAPHY^ 

Tran.slated from the German of Dr. Heinrich Kispert. 

Crown 8vo. 5.^. 

"Dr. Kiepert actually succeeds, brief as his manual necessarily it, 
in making ancient geography interesting, connecrine it, as he is abfe to 
give, from his extensive and scholarly knowledge, with the natural features 
of the various countries, the movements and modern condiiioDs. The 
arrangement is methodical, and the treatment clear and well defined ; the 
connexion between the old world and the new being always kept in sight 

by comparison of ancient and modern names Altogether the 

Kngli.<h Edi"'on of the ' Manual * will form an indispensable companion to 
Kiepert's * Atlas ' now used in many of our leading schools." — ^The Times. 

.^tlAWTO^'-BXERCISES IN THE COMPOSITIOhT OF 
GREEJC IAMBIC VERSE by Translations from English 
Dramatists. By Rev, H. Kynaston. M.j^.. Principal of 
Cheltenham College. With Introduction, Vocabulary, &c. 
Extra Fcap. 8vo. 4^. dd. 

KEY TO THE SAME (for Teachers only). Extra fcap. 
ovo. 4f. 6d, 

EXEMPLARIA CHELTONIENSIA : sive quae discipulis 
sUis Carmina identidem Latine reddenda proposuit ipse red- 
didit ex cathedra dictavit Herbert Kykaston, M.A., 
Principal df Cheltenham College. Extra fcap. %y<s, 51. 

IVY, BookM aULl.— XXV. Translated bf A. J. CHURCH, 
M.A., and W. J. Brodribr, M.A. [In pr^mratitm, 

tOTB— 73ff£ AGE OF PERICLES, A History of the 
P<iihioi and Alrtii ^f Gi^etftoe from die P^l^ian to the Pelopon- 
iMMian War. By WlLLdAM Vf KTULiS^ Y.u>Y\^. ^xijow "tfv^. "^^v. 
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MAOMII.LJjr— ^/i?^7* LATIN GRAMMAR. By IL C 
BlACMiLLANy M. A., late Scholar of Christ's College, Camhridge, 
Assistant Master in St Paal's SdiooL i8mo. ix. 6d. 

MABAFFY— Works by J. P. Mahafft, BLA.» Professor of 
Ancient History in Trinity College, DaUin. 
SOCIAL LIFE IN GREECE; from Homer to Menander. 
Fourth Edition, revised and enlarged. Crown Syo. 9f. 

RAMBLES AND STUDIES IN GREECE. VOth Dins, 
trations. Second Edition. With Map. Crown 8^0. lOf. (td* 

A PRIMER OF GREEK ANTIQUITIES. With lUns 
trations. i8mo. u. 
EURIPIDES. i8mo. \s.M. 

MAR8HAI.I. — ^ TABLE OF IRREGULAR GREEK 
VERBS f classified according to the arrangement of Curtins 
Greek Grammar. By J. M. Marshall, M.A., one of the 
Masters in Clifton College. 8vo. doth. New Edition, is, 

HUl-RTIKIm—SELECT epigrams FROM MARTIAL FOR 
ENGLISH READERS. Translated by W. T. Webb, 
M.A., Professor of History and Political Economy, Presidency 
College, Calcutta. Extra fcap. 8vo. 4;. 6d. 

BOOKS /. AND II, OF THE EPIGRAMS, Edited, 
with Introduction and Notes, by Professor J. E. B. Mayor, 
M.A. Svo. [In the press, 

MAYOR (JOHN B. -B.)— FIRST GREEK READER. Edited 
after Karl Halm, with Corrections and large AdditioniB by 
Professor John E. B. Mayor, M.A., Fellow of St John's 
College, Cambridge. New Edition, revised. Fcap. 8va 41. 6dl 

BIBLIOGRAPHICAL CLUE TO LATIN LTTERA- 
TURE. Edited after HtfBNSB, with large Additions by 
Professor John E. B. Mayor. Crown 8yo. lor. 6dl 

MAYOR (J08BPH B.y-GREEK FOR BEGINNERS. By 

the Rev. J. B. Mayor, M. A., Professor of Classical litefatnre 

in King's College, London. Pftrt I., with Vocabnlaiy, ij: 6d. 

Parts U. and lU., with Vocabulary and Index, 31; 6d. com- 

piete in one Vol. New E^tion. Yca^. %^. ds^ V« M 
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miLon^PARALLEL EXTRACTS arranged for translation 
into English and Latin, with Notes on Idioms. By J. £. 
Nixon, M.A., Fellow and Classical Lecturer, King's College, 
Cambridge. Part I. — Historical and Epistolary. New Edition, 
revised and enburged. Crown 8to. 3^. 6d, 

PBILB (JOHN, VL.A.)—AN INTRODUCTION TO GREEK 
AND LATIN ETYMOLOGY. By John Peili, M.A., 
Fellow and Tutor of Christ's College, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge. Third 
and Revised Edition. Crown 8vo. lor. 6d, 
A PRIMER OF PHILOLOGY. By the same Author. 
i8mo. is. 

FHRTNICHUS — RUTHERPORD — r^^ NEW PHRY- 
NICHUS; being a Revised Text of the Ecloga of the Gram- 
marian Phrynichus. With Introduction and Commentary by 
W. GuNiON Rutherford, M.A., of Balliol College, Oxford, 
Assistant Classical Master in St Paul's School. Svo. i%s, 

PINDAR— r^-fi EXTANT ODES OF PINDAR. Translated 
into English, with an Introduction and short Notes, by Ernkst 
Mybrs, M.A., Fellow of Wadham College^ Oxford. Ciown 
Svo. 5x. 

PUtTO--7!ff» REPUBLIC OF PLATO. Ttanalated into 
English, with an Analysis and Notes, by J. Ll. Daviss, 
M.A., and D. J. Vaughan, M.A. New Edition, with 
Vignette Portraits of Plato and Socrates, engraved by Jxsns 
from an Antique Gem. i8mo. 4^. ^d. 
PHILEBUS. Edited, with Introduction and Notes, by 
tisNRY Jackson, M.A., Fellow of Trinity College, Cambridge. 
8vo. [In preparation, 

THE TRIAL AND DEATH OF SOCRATES. Being 
the Euthyphro, Apology, Crito, and Phaedo of Plato. Trans- 
lated by F. J. Church. Crown Svo. 4J. 6d?. 
/W^EZJO.— Edited by R. D. Archer-Hind, M.A., Fellow 
of Trinity College, Cambridge. Svo. [In preparation, 

TlMAJmsm—THE MOSTELLARIA OF PLAUTUS. With 
Notes, Prol^;omena, and Excursus. By William Ramsay, 
M.A., formerly Professor of Humanity in the University of 
Glasgow. Edited by Professor George G. Ramsay, M.A., 
of the Univenity of Glasgow. %ho, \v* 
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P08TGATB AKD VINCE— ^ DICTIONARY OF LATIN 
£TySfOLOGi\ By J. P. Postgate, \LA., and C A, 
ViNCE, M. A. [In preparation. 

VOTTft (A. W., M.A.) — Works by Aixxamduk W Pon\ 
M.A., LL.D., lau FelkmoT St. John's GoOqie^ Cui^Mridg^; 
HcM^ Master of the Fettcs Colkge. Edmboigh. 
HINTS TOiVARDS LATIN PROSM COMPOSITION, 
New EditimL Kxoa leap Svo ^. 

PASSAGES FOR TRANSLATION INTO LATIN 
PROSE Edited mith Notes and Ke£aenoes to the above. 
Extra f cap Svo. 2x. 

LATIN VERSIOXS OF PASSAGES FOR TRANSLA- 
TION INTO LATIN PROSE. For Teacher* only. ox. id, 
EXERCISES IN LATIN PROSE. With IntrodMtion, 
Notes, ^bC, for the Middle Fonns of Schools. Extra fcap. 8vo. 

[In preparatim. 

ROBY— ^ GRAMMAR OF THE LATIN LANGUAGE^ from 
Plantus to Suetoniua By H. J. Romy, M.A.» late Fellow of 
St. John's College, Cambridge. In Two Parts. Thiid Edition. 
Part L contauQing : — Book L bounds. Book II. Inflexions. 
Book IIL Word •formation. Appendices. Crown &vo. &r. ittL 
Part II. — byaiax, Preposition;!, &c. Crown 8vo. lOr. 6^. 

"Markeu t»> cnc clear aaa yi mc daod inu^m or a uiasier in Us ait. 
A book th*c would do hoaour to mny c ouuu y . '—KTumnmnu. 



SCflOOf LATIN GRAMMAR. By the same Authoi; 
Crown 8vo. 5j. 

WJWBL— SYNTHETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Grammatical 
Analysi:». With Notes and Vocabulary. By E. Rush, B.A. 
With Preface by the Rev. W. F. Moultom, M.A., D.D. 
Extra fcap. 8vo. 2j. 

UVUT— FIRST STEPS TO LATIN PROSE COMPOSITION 
By the Rev. G. RusT, M.A. of Pembroke College, Oxionl, 
Master of the Lower bchooi, Kug's College, LondoD. New 
Kdiiiuru i8mo. u. 6d, 

KUTUkftiiF01ll>— ^ FIRST GREEK GRAMMAR, ByW.G. 

Ktn'HJBkFORD, M.A-, Aasistanr Master In Sl Paul's School, 
London, New Ediiiuu, euiac^ed. lEaJcca fca^« 8yo. ix. dtL 
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BAJAMJ3ST--yUGURTHA AND CATILINE. Transjlate<i, vjth 
Introductory Essays, by A. W. Pollard, B.A. 

[/« preparation, 

8EEI>EY-~^ PRIMER OF LATIN LITERATURE, By 
Prof. J. R. Skkley* \In prtparatUm, 

»\VLlfSOJi~PROGRESSIVE EXERCISES IN LATIN 

PROSE COMPOSITION. Founded on Passages selected 

from Cicero, Livy, &c. By F. P. Simpson, B.A., of Balliol 

College, Oxford. \In preparation, 

VKClTan— COMPLETE WORKS TRANSLATED, By A. J. 
Church, M.A., and W. J. Brodribb, M.A. 
THE HISTOR V. With Notes and a Map. New Edition. 
Crown 8vo. 6s. 

THE ANNALS. With Notes and Ma^s. New Edition. 
Crown 8vo. *js. 6d, 

THE AGRICOLA AND GERMANY, WITH THE 
DIALOGUE ON ORATORY. With Maps and Notes. 
New and Revised Edition. Crown 8vo. as. 6d. 

THE ANNALS. Edited, with Introductions and Notes, by 
G. O. Holbrooke, M.A., Professor of Latin in Trinity 
College, Harford, U.S.A. 8vo. [In the press. 

THE ANNALS. Edited, with Introduction and Notes, by 
Rev. Walter Short, M.A., and Rev. W. A. Stooner, 
M. A., Fellows of New CoHege, Oxford. 8vo. \In preparation. 

THEOCRITUS, BION and MOSCSUS. Rendered into 
English Prose with Introductory Essay by Andrew Lang, 
M.A. Crown 8va df. 

THBOPHRASTUS— 7!^jS CHARACTERS OF THEO- 
PHRASTUS. An English Translation from a Revised Text 
With Introduction and Notes. By R. C Jebb, M.A., Pro- 
fessor of Greek in the UniTerslty of Glasgow. Extra fcap. 8vo. 
6s.6cU 

T^RIJ^O— Works by the Rev. E. Thrino, M.A., Head- 
Master of Uppingham SchooL 

4 LATIN GRADUAL. A First Latin Construing Book 
for B^;innas. New £;ditio|i, eii^aj^ed. wlthColoucai S«&t«3B£ft. 
Bfaps, Fcap. 8vo. ai. 6(t. 
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THRING Continued— 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap. 

8yo. ij. (dT. 

A CONSTRUING BOOK. Fcftp. 8m 2f. ^d. 

VIRGIL— 7^^ WORKS OF VIRGIL RENDERED INTO 
ENGLISH FROSEf with Notei, Introdnctioiis, Rttiming 
Analysis, and an Index, by J amis Lonsdalb, M.A., and 
Samubl Lbe, M.A. New Edition. Globe 8vo. y. 6d, 

wniTB— FIRST LESSONS IN GREEK. Adapted to Good- 
win's Greek Grammar, and designed as an introduction to the 
Anabasis of Xenophon. By John Williams White, Ph.D., 
Assistant-Prof, of Greek in Harvard University. Crown 8vo. 

WII.KIN8— ^ FRIMER OF ROMAN ANTIQUITIES. By 
A. S. WiLKiNS, M.A., Professor of Latin in the Owea^i 
College, Manchester. With Illustrations. i8mo. is, 

WRIGHT— Works by J. WRIGHT, M.A., late Head Master of 
Sutton Coldfield School 

HELLENIC A ; OR, A HISTORY OF GREECE IN 
GREEK, as related by Diodorus and Thucydides ; being a 
First Greek Reading Book, with explanatory Notes, CxiticBl 
and Historical New Edition with a Vocabnlaiy. Fcap. 8va 
3^. 6d. 

A HELF TO LATIN GRAMMAR; or. The Fonn 
and Use of Words in Latin, with Progressive Exercises. 
Crown 8vo. 4J. 6^ 

THE SEVEN KINGS OF ROME. An Easy Naixative^ 
abridged from the First Book of Livy by the omiwion oil 
Difficult Passages; being a First Latin Reading Book, witii 
Grammatical Notes and Vocabulary. New and revised 
edition. Fcap. 8vo. 3x. 6</, 

FIRST LATIN STEFS; OR, AN INTRODUCTION 
BY A SERIES OF EXAMFLES TO THE STUDY 
OF THE LA TIN LANGUAGE. Crown 8va 5#. 
ATTIC FRIMER. Arranged for the Use of Beginncn 
Extra fcap. 8vo. 4J. 6d. 

A COMFLETE LATIN COURSE, comprising Rules with 
Examples, Exercises, both Latm snd English, on each Rnk^ 
and Vocabularies. Crown %^io. v*^ 
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MATHEMATICS. 

AIRY — Works by Sir G. B. Airy, K.C.B., Astronomer 
Royal : — 

ELEMENTARY TREATISE ON PARTIAL DIF- 
FERENTIAL EQUATIONS. Designed for the Use of 
Students in the Universities. With Diagrams. Second Edition. 
Crown 8vo. 5j. fid, 

ON THE ALGEBRAICAL AND NUMERICAL 
THEORY OF ERRORS OF OBSERVATIONS AND 
THE COMBINATION OF OBSERVATIONS. Second 
Edition, revised. Crown 8vo. 6j. (yd, 
UNDULATORY THEORY OF OPTICS. Designed for 
the Use of Students in the University. New Edition. Crown 
8vo. dr. (id, 

ON SOUND AND ATMOSPHERIC VIBRATIONS, 
With the Mathematical Elements of Music Designed for the 
Use of Student! in the University. Second Edition, Revised 
and Enlarged. Crown 8vo. ^ 

A TREA TISE OF MAGNETISM, Designed for the Use 
of Students in the University. Crown 8vo. 9j. dd, 

AtRY (OSMUND)—^ TREATISE ON GEOMETRICAL 
OPTICS. Adapted for the use of the Higher Classes in 
Schools. By Osmund Airy, B.A., one of the Mathematical 
Masters in Wellington College. Extra fcap. 8vo. 31. (</. 

AJmJ}IB—THE giant ARITHMOS, An Arithmetic for 
Children. By Mrs. Steadman Aldis. \ln the press, 

^BiLUVLAr-THE ELEMENTS OF MOLECULAR MECHA- 
NICS. By Joseph Bayma, S.J., Professor of Philosophy, 
Stonyhurst CoU^^ Demy 8va los, 6d. 

BBABLMY—AN ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY. With Examples. ByR. D. Beasley, 
M.A., Head Master of Grantham Grammar School Fifth 
Edition, revised and enlarged. Crown 8va y, 6d. 

BX.ACKBURN {UV an) — ELEMENTS OF PLANE 
TRIGONOMETRY, for the use of the Junior Class in 
Mathfunatics in the University of Gla%ow. By Hugh 
Blackburn, M.A., Professor of MfiA^cmaS^in m ^C&i^ '^^t^^s^^ 
ntjr of GUl^ow. Globe 8vo. \s. ^. 
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BOOIiB— Works by G. BooLE, p.CJ-., F.R.S., late ProfeKor 
of Mathematics in the Queen's University, Ireland. 
A TREATISE ON DIFFERENTIAL EQUATIONS. 
Third and Revised Edition. Edited by I. Todhuntir. Crown 
8vo. I4f. 

A TREATISE ON DIFFERENTIAL EQUATIONS, 
Supplementary Voiiime. Edited by L Todhuntsr. Crown 
8yo. 8j. 6^. 

THE CALCULUS OF FINITE DIFFEF^ENCES, 
Third Edition, revised by J. jF*. MpiyLTDIf. <CrpWB 8vo. 

BRpOK-SMITB {l.y- ARITHMETIC IN THEORY AND 
PRACTICE, By J. Brooi^.$WT», M.A., LL.B., St 
John's College, Cambridge ; Barrister-at-I^w ; one of the 
Masters of Cheltenhafu College. New gditipn, leyised. 
Crown 8vo. 4f. 6d. 

CAMBRIQaB SBNATE-BOU8B PROBI.BM8 mad BIOBBI 

TVITH SOl^UTIONS i — 

x^lS— PROBLEMS AND RIDERS. By A. G. Grknhill, 
M.A. Crown 8vo. &. 6d, 

iSjS^SOLUTIONS OF SENATE'HOUSEFMOBLMMS 
By the Math^omatical Moderajliors anA ^jfutonen. .Edited by 
J. W. L. Glaishsr, M.A., FeUoF of Trinity College, 
Cambridge. I2s. 

QAXtJfJ^VL'-HELP TO ARITHMETIC. Designed for the 
use of Schools. By H. Candler, M.A., Madtematical 
Master of Uppingham SchooL Extra £cap. 8vo zs, 6d. 

CHEYNB— ^AT ELEMENTARY TREATISE ON THE 
PLANETARY THEORY, By C. H. H. Chkynk, M.A., 
F.R.A.S. With a Collection of PioblemB. Second Edition. 
Crown 8vo. dr. 6d, 

CHRISTIB— ^ COLLECTION OF ELEMENTARY TEST- 
QUESTIONS IN PURE AND MIXED M4THE* 
MATICS ; with Answers and Appendices on Synthetic 
Division, and on the Solution of Numerical Equation by 
Horner's Metjtiod. By Ji^RS R. Christ^k, T.'R.S., floyal 
Military Acadcmyy Woobnidb. CratukViQ. ^ ^(dL 
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OW.TTOB.l>—THE ELEMENTS OF DYNAMIC. An la- 
troductioa to the Study of Motion and Rest in Solid and Fluid 
Bodies. By W. K. Clifford, F.R.S., Professor of Applied 
Mathematics and Mechanics at University College, London. 
Part I.— KINEMATIC. Crown 8vo. 7j. 6d. 

C^^STK-^i^l^— GEOMETRICAL EXERCISES FOR BE- 
GINNERS. By Samuel Constable. Crown Svo. 

[/« the press, 

OJJVLVlina—AN INTRODUCTION TO Tf^E THEORY 
OF ELECTRICITY. By LiNN-«us Cumming, M.A., 
one of the Masters of Rugby School With Illustrations. 
Ctovm 8v6. %t, 6d, 

GJmLliiB:R,TSOV^EUCLIDIAN GEOMETRY, By Francis 
CUTHBBRTSON, M.A.^ LL.D., Head Mathematical Master of 
the City of London SchooL Extra fcap. Svo. 4^. 6d. 

* 

DAIiTON — Works by the Rev. T. Dalton, M.A., Assistant 

Master of Eton Collie. 

RULES AND EXAMPLES IN ARITHMETIC. NtJw Edi- 
tioit t8md. If. 6d. [Anstoers. to tki Examples art appended, 

RULES AND EXAMPLES IN ALGEBRA. l»art I. 
New Edition. 181110. 2J. Part II. iSoM. %s. 6d. 

I}Arr— PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part I., THE ELLIPSE, with 
Ptobleilfs. Bjf th6 K^. H. Q. DaIt, Bi.A. Cio#n Sva 

T^^ISSH— GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M.A., St. jfoWs College, 
Ouibridge. New Editibfi, enlarged. Crowri 8vo. 5i. 

SOLUTIONS TO THE PROBLEMS W DREVITS 
CONIC SECTIONS. Crown Svo. 4^. 6d. 

jgY-BVL—EXERCISES IN ANALYTICAL GEOMETRY, 
Compiled and arranged by J. M. Dyer, M.A., Senior 
Mathematical Master in the Classical Department of Cheltenham 
College. With illustrations. CtoYni^N<i, v*^* 
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BDOAR (J. H.) and PRXTOHARD (a. m.)^NOTE-BOOK 
ON PRACTICAL SOLID OR DESCRIPTIVE GEO- 
METRY. Ccmtainmg Problems with help for Solutioiis. By 
J. H. Edgar, M. A., Lecturer on Mechanical Drawing at the 
Royal School of Mines, and G. S. Pritchard. Fourth 
Edition, revised and enlarged, by Arthur Mbsze. Globe 
8va 4f . 6d, 

FBRBBRB— Works by the Rev. N. M. Ferrers, M.A., FeUow 
and Master of Gonyille and Cains College, Cambridge. 

AN ELEMENTARY TREATISE ON TRI LINEAR 
CO-ORDINATES^ the Method of Reciprocal Polais, and 
the Theory of Projectors. New Edition, revised. Crown 8vo. 
ts.6d. 

AN ELEMENTARY TREATISE ON SPHERICAL 
HARMONICS, AND SUBJECTS CONNECTED WITH 
THEM. Crown 8va 7*. 6rf. 

FROST— Works by Percival Frost, M.A., formerly Fellow 
of St. John's College^ Cambridge ; Mathematical Lectoier of 
King's CoUege. 

AN ELEMENTARY TREATISE ON CURVE TRA- 
CING. By Percival Frost, M.A. 8va 12s. 

SOLID GEOMETRY. A New Edition, revised and enlarged 
of the Treatise by Frost and Wolstxnholmk. In a Vds. 
VoL. I. 8vo. i6f. 

GK>DFRAY— Works by Hugh Godfray, Bf.A., Mathemitifal 

Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Uie of Colleges 
and Schools. New Edition. 8vo. 12s. 6d, 

AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of the Problem np to the time 
of Newton. Second Edition, revised. Crown 8vo. 5x. 6d. 

TLBMmiJUQt-^AN ELEMENTARY TREATISE ON THE 

DIFFERENTIAL AND INTEGRAL CALCULUS, foe 

the Use of Colleges and Schools. ByG. W. Hemming, M.A., 

Fellow of St John's College, Cambridge. Second Editfon, 

ira'tb Cbnections and Addildona. %vo« ^. 
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JACKSON — GEOMETRICAL CONIC SECTIONS, An 
Elementary Treatise in which the Conic Sections are defined 
as the Plane Sections of a Cone, and treated by the Method 
of Projection. By J. Stuart Jackson, M.A., late Fellow of 
Gonville and Caius College, Cambridge. Crown 8vo. 4r. 6rf. 

JSI.I.BT (JOHN H.)— ^ TREATISE ON THE THEORY 
OF FRICTION, By John H. Jbllet, B.D., Senior Fellow 
of Trinity College, Dublin; President of the Royal Irish 
Academy. 8vo. %s, 6d, 

JONES and OWLE^^tX^ — ALGEBRAICAL EXERCISES. 
Progressively Arranged. By the Rev. C. A. Jones, M.A., and 
C. H. Cheyne, M.A., F.R.A.S., Mathematical Masters of 
Westminster School New Edition. i8mo. zs, 6d, 

KBI.I.AND and TArr—INTRODC/CTION TO QUATER- 
NIONS y with numerous examples. By P. Kelland, M.A., 
F.R.S., and P. G. Tait, M.A., Professors in the department 
of Mathematics in the University of Edinburgh. Crown 8vo. 

KITCHENBR— ^ GEOMETRICAL NOTE-BOOK^ containing 
Easy Problems in Geometrical Drawing preparatory to the 
Study of Geometry. For the use of Schools. By F. E. 
Kitchener, M.A., Mathematical Master at Rugby. New 
Edition. 4to. 25. 

lACK.—ELEMENTAR Y TRIGONOMETR Y. By Rev. J. B. 
Lock, M.A., Fellow of Caius College, Cambridge ; Assistant- 
Master at Eton. Globe 8vo. [In the press, 

VIAVW— NATURAL GEOMETRY: an Introduction to the 
Logical Study of Mathematics. For Schools and Technical 
Classes. With Explanatory Models, based upon the Tachy- 
metrical works of Ed. Lagout. By A. Mault. i8mo. is. 
Models to Illustrate the above, in Box, 12s, 6d, 

M^^niWAN ^ ELEMENTS OF THE METHOD OF 
LEAST SQUARES. By Mansfield Merriman, Ph.D 
Professor of Civic and Mechanical Engineering, Lehigh Uni- 
versity, Bethlehem, Penn. Crown 8vo. *js. 6d. 

mil,lMAn— ELEMENTS OF DESCRIPTIVE GEOMETRY. 
By J. B. Millar, C.E., Assistant Lecturer in Engineering in 
Owens College, Manchester. Crown. Svo. ^. 
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MbnakU — A COLLECTION OF PkO^LSMi JlMd^ 
EXAMPLES IN MATiflEMATICS. Witfe Answers. 
By H. A. Morgan, M.A., Sadlirtini and Matlttouttical 
Lecturer of Jesas College; Cdnkbridge. Crown 8yo. 6s, 6d, 

iktiliL— DETERMINANTS. By Tribs. MuiR. Crown gvo. 

[In preparation. 

ftKWTOit'B PR INC I PI A. Edited by Prof. Sir W. 'hioftsoN 
and Professor Blackburn. 4to cloth, jti. dd. 
THE FIRST THREE SECTIONS d> ^AU^NS 
PRINCIPIA, Witii Ndtes *xA llNiMtitio^. Alsd ^ col- 
leetioii of Problems, |>ridci{)Miiy \ttbbhAsi ks Ei&xliples of 
N««rion's Methods. By PiRfciVid. ♦'RCfer, ifci.A. Third 
Edition. 8yo. lis. 

PAkBlINlriO^— Works by S. i>ARlciNSt)N. 5.t>., F.iLS., Htbl 
dhd Pr^lectoi of St Jolitt's Cdllfe^ O^bH^e'. 
j4A^ BLEMENTARV TREAflSk ON MkCIIANlCS. 
Fbt ^e U^ 6f the JiihioY Classes at t£ie Xyniversity and the 
Higher Classes in Schools. With a Collection of Exaioaples. 
Sixth Editibh, revised. Crd^ 8tF6. clofttL §s, (Sd. 

A TREA TISE ON dPtiCS. New Eiiitton, revJMd and 
enlarged. Crbwn tiro, dottL i6i, 6d. 

ni^wsri— EXERCISES IN ARITHMETIC for the Use of 
Schools. Containing more than 7,000 original Examples. 
By S. i^^DL^Y, late of Tamworth Grammar School. Crown 
Svo. 5j. 

viBLRAXL— ELEMENTARY HYDROSTATICS. With Nu- 
merotis Examples. By J. B. Phkar, M. A., Fellow and late 
Assistant Tutor of Cbure College, Cambridge. New j^tion. 
Crown 8vo. clotli. y. 6d, 

TlKllE— LESSONS ON RIGID DYNAMICS. By the Rev. 
G. PiRiE, M.A., late Fellow and Tutor of Queen's College, 
Cambridge ; Professor of Mathematics in the University of 
Aberdeen. Crown 8vo. dr. 

PUCKI.E-^A^ ELEMENTARY TREATISE ON CONIC 

SECTIONS AND ALGEBRAIC GEOMETRY. With 

, » • ■ - 

Numerous Examples and Hints for their Solution | especially 
designed for the Use of Be^nxven, By Q. H. PucKUi^ M.A. 
New Edition^ revised and en\axg<edu Cxowi^n^ -j** ^^ 
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^A^JfriMlKSOK—ELEME/STTAJRY STATICS^ by the Rev. 
OibltGS RAWliNsot^r, M.A. Edited by the Rey. Edward 
Sturges, M.A. Cro#ii 8vo. 41. 6!i. 

AArtiikH^n— rB£ THEORY OF SOUND. By Lord 
RArtfiiGH, M. A., F.R.S., formerly Fellow of Trinity Collie, 
Cirfibrid^e. 8to. VoL I. lis, 6a?. Vol. II. 12s. td, 

[Vol. III. in the press. 

Mn^OtAa— MODERN METHODS IN ELEMENTARY 
GEOMETRY. By E. M. Riynolos, M.A.j Mathetfiatical 
Master in Clifton College. Crown 8vo. 3^. M. 

BOUTH— Works by Edward John Routh, M.A., F.R.S., 
late Fellow and Assistant Tutor of St. Peter's College, Cam- 
bridge ; Examiner in the University of London. 

AN ELEMENTARY TREA TISE ON THE D YNAMICS 
OF THE SYSTEM OF RIGID BODIES. With numerous 
Ex2lmt>le^. Tliir<ji and «<nlatged Eotition. ^vo. 21^. 
^STABILITY OF A GIVEN STATE OF MOTION, 
PArTICULARLV steady Motion. Adims* Prue 
Essay for 1877. ^vo. 1^. 6^. 

%ik1n'A — "Works by the kev. Barnard Smith, M.A., Rector 
of (ikston, BLiitMd, late Fellow ancl Senior bursar of St 
Peter's Collie, Cambridge. 

ARITHMETIC AND ALGEBRA, to th*tf l^tineiples and 
Application ; with numerous systematically arranged Examples 
taken from die Cambridge Examination Papers, with especial 
reference io the (Ordinary Examination for the ]I^.A. Degree. 
New Edition, csirefully revised. Crown Svo. \os. 6d. 

ARITHMETIC FOR SCHOOLS. N4V Editibn. Crown 
8vo. 4r. 6d. 

A KEY TO THE ARITHMETIC FOR SCHOOLS. 
New Editioft. Crown 8vo. 8j. 6d, 

EXERCISES IN ARITHMETIC. Crown 8vo. tttop cloth. 
2s. With Answers, zs. 6a. 

Auirwers separately. 6d. 

SCHOOL CLASS-BOOR: OF ARITHMETIC. i8mo. 
ddtt. ji. 

Or sold scpaLraiely, in Three Parts, is. eac^ 
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Continued—' 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC 
Parts I., II., and m., 2f. 6d. each. 

SHILLING BOOK OF ARITHMETIC FOR NA TIONAL 

AND ELEMENTARY SCHOOLS. i8mo. doth. Or 

separately. Part I. 2d. ; Part IL yL ; Part III. id. Answers. 

6d. 

THE SAME^ with Answers complete. i8mo, doth. is. 6d, 

KEY TO SHILLING BOOK OF ARITHMETIC. 
i8mo. 4s, 6d, 

EXAMINA TION PAPERS IN ARITHMETIC. iSmo. 
\i. 6d, The same, with Answers, i8mo. 2r. Answers, 6d. 

KEY TO EXAMINATION PAPERS IN ARITH 
METIC. l8mo. 41. 6d. 

THE METRIC SYSTEM OF ARITHMETIC, ITS 
PRINCIPLES AND APPLICATIONS, with nnmeroiis 
Examples, written expressly for Standard V. in National 
Schools. New Edition. i8mo. doth, sewed. 3^. 

A CHART OF THE METRIC SYSTEM, on a Sheet, 
size 42 in. by 34 in. on Roller, mounted and varnished, price 
y. 6d. New Edition. 

Also a Small Chart on a Card, price id. 

EASY LESSONS IN ARITHMETIC, combining Exercises 
in Reading, Writing, Spelling, and Dictation. Part I. for 
Standard L in National Schools. Crown 8va gd. 

EXAMINATION CARDS IN ARITHMETIC. (Dedi- 
cated to Lord Sandon.) With Answers and Hints. 

Standards I. and II. in box, is. Standards IIL, IV. and V., 
in boxes, is. each. Standard VL in Two Parts, in boxes, 
is. each. 

A and B papers, of nearly the same difficulty, are given so as to 

prevent copying, and the Colours of the A and B papers differ in 

each Standard, and bom. those of eveiy other Standard, so that a 

master or mistress can see at a glance whether the children have the 

proper papen. 
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■NOWBAX.Ii — THE ELEMENTS OP PLANE AND 
SPHERICAL TRIGONOMETRY; with the Constniction 
and Use of Tables of I/^arithms. By J. C. Snowball, M. A. 
New Edition. Crown 8vo. 7^. td, 

SYItLABUS OF PIJINE GEOMETRY (corresponding to 
Endid, Books I. — VI.). Prepared by the Association for the 
Improvement of Geometrical Teaching. New Edition. Crown 
8vo. \s, 

TAXT and 8TBBI.B— ^ TREATISE ON DYNAMICS OF 
A PARTICLE, With numerous Examples. By Professor 
Tait and Mr. Steele. Fourth Edition, revised. Crown 
8vo. izr. 

^^^KH — ELEMENTARY MENSURATION FOR 
SCHOOLS. With numerous Examples. By Septimus 
Tbbay, B.A., Head Master of Queen Elizabeth's Grammar 
School,. Rivington. Extra fcap. 8vo. 31. td, 

TODHUSTTEB— Works by I. TODHUNTER, M.A., F.R.S., of 

St John's College, Cambridge. 

" Mr. Todhnnter is ehiefly known to students of Mathematies as the 
anther tA a series of admirable mathema t ical tejct>boolcs, which possess 
the rare qualities of being clear in style and absolutely free frooa mistakes, 
typosr&phicAl or other. '^Satukday Review. 

THE ELEMENTS OF EUCLID. For the Use of Colleges 
and Schools. New Edition. i8mo. 3^. dd, 

KEY TO EXERCISES IN EUCLID, Crown 8vo. 

6x. ed, 

MENSURATION FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 2s, 6d, 

ALGEBRA FOR BEGINNERS, With numerous Examples. 
Ncfw Edition. i8mo. 2s, 6d. 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. 
6s, 6d, 

TRIGONOMETR Y FOR BEGINNERS. Witii numerous 
Examples. New Edition. i8mo. 2s, 6d, 

KEY TO TRIGONOMETRY FOR BEGINNERS. 
Crown 8vo. &. 6d, 



28 MACMILLAirS EDUCATIONAL CATALOGUB. 



Tbl^nvfVtkU Continued-^ 

MECHANICS FOR BEGI^mtkS. I^itli Mmeroas 
Examples. New Edition. tSmo. 4i. &f. 

KEY TO MECHANICS FOR BEGINNERS. Crown 
8vo. 6f . 6^. 

ALGEBRA. For the Use of Colleges and Schools. New 
Edition. Crown 8yo. 7j. 6^ 

KEY TO ALGEBRA FOR THE USE OF COLLEGES 
AND SCHOOLS. Crown 8va lor. ^d. 

AN MLEMENTARY tkEATtSk On ttiM TkkORY 
OF EQUATIONS. New Edition, revised. Ckowh Sfo. 
7/. 6d. 

PLANE TRIGONOMETRY. For Schools «hd C6ll«ig». 
New Edition. Crown SVo. ji. 

KEY TO PLANE TRIGONOMETRY. Crown 8vo. 
los, 6d. 

A TREATISE ON SPHERICAL TRIGONOMETRY. 
New Edition, enlarged. Crowii 8v6. 4i. &/• 

PLANE CO-ORDINATE C^OAr^TRK, as applied to the 
Straight Line and the Conic Sections. With numerous 
Examples. New Edition, revised and enlarged* Crown 8vo. 

A TREA TISE ON THE DIFFERENTIAL CALCULUS. 
With numerous Examples. New Edition. Crown 8vo. 
iQr. td. 

A TREATISE ON THE INTEGRAL CALCULUS AND 
ITS APPLICATIONS, Witt numerous Examples, t^ew 
Edition, revised and enlarged. Crown 8vo. lor. &/. 

EXAMPLES OF ANALYTICAL GEOMETRY OF 
THREE DIMENSIONS, New Edition, revised. Crown 
8vo. 4J. 

A TREATISE ON ANALYTICAL ^TAttC^. With 
iiomerous Exailxple^ Ne# Editidn^ retired knd efaki^ed. 
Croivn 8vo. lo;. td. 
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jrODQUieVTB^ Continued— 

A HISTORY OF THE MATHEMATICAL THEORY 
OF PROBABILITY^ from the time of Pascal to that of 
li^lace. 8yo. i8j. 

RESEARCHES IN THE CALCULUS OF VARIA- 
TIONS, principally on the Theory of Discontinuous Solutions : 
an Essay to which the Adams Prize was awarded in the 
University of Cambridge in 1^71. 8vo. 6s. 

A HISTORY OF THE MATHEMATICAL THEORIES 
OF ATTRACTION, AND THE FIGURE OF THE 
EARTH, from tlie time of Newton to that of Laplace. % vols. 
8yo. 24J. 

AN ELEMENTARY TREATISE ON LAPLACE S, 
LAMES, AND BESSEVS FUNCTIONS. Crown 8vo. 
lOf. 6d. 

WII.80N (J. Vl.y-ELEMENTARY GEOMETRY, Books 
I. to V. Containing the Subjects of Euclid^s first Six 
Books. Following the Syllabus of the Geometrical Association. 
By J. M. Wilson, M.A., Head Master of Clifton College. 
Ne^tv Edition. Extra fcap. 8vo. ^, 6d, 

SOLID GEOMETRY AND CONIC SECTIONS. With 
Appendices op Transversals ^d Harmonic Division. For the 
Use of Schools. By J. M. Wi^:.SDN, M.A. New Edition. 
Extra fcap. 8vo. y. 6d, 

Vim»SOJ!i— GRADUATED EXERCISES IN PLANE TRI- 
GONOMETRY. Compiled and arranged by J. Wilson, 
M.A., and S. R. Wilson, B.A. Crown 8vo. 4r. 6d. 

** The exercises seem beautifuUy graduated and adapted to lead a student 
on most gently and pleasantly "— £. J. Routh, F.R.S., St. Peter's College, 
Cambridge. 

|^X<f«ON (W. P.)— ^ TREATISE ON DYNAMICS. By 
W. P. Vfujsom, M.A., Fellow of St John's College, Cam- 
bridge* and PsofesBor of MathematicB in Qncen't Colle!«^^ 
BeltML Sto. 9s.6d. 
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moiMTBXl^OlM,!^— MATHEMATICAL PROBLEMS^ on 

Subjects included in the First and Second Divisions of the 
Schedule of Subjects for the Cambridge Matheoaatical Tripa» 
Examination. Devised and arranged by Joseph Wolstkn- 
HOLME, late Fellow of Christ's Coll^[e, sometime Fellow of 
St John's College, and Professor of Mathematics in the Royal 
IndianEngineering College. NewEd. greatly eiilaiged.8vo. i&. 

SCIENCB. 

SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS. 

Under the joint Editorship of Professors Huxley, Roscoe, and 

Balfour Stewart. 

** These Primers are extremely simple and attractive, and thoroaclily 
answer their purpose of just leading the young be^nner up to the dnesh- 
old of the long avenues in the Palace of Nature which thes* dtles suggest.* 
— Guardian. 

** They are wonderfully clear and lucid in their instruction, siaple in 
style, and admirable in plan. "—Educational TniBS. 

INTRODUCTORY— By T. H. HuxLEY, F.R.S., Professor ©f 
Natural History in the Ro3ral School of Mines. i8mo. \s, 

CHEMISTRY — By H. £. Roscos, F.R.S., Professor of 
Chemistry in the Victoria University the Owens College, 
Manchester. With numerous lUnstrations. iSmo. !/• New 
Edition. With Questions. 

** A very nodel of perspicacity and accuracy.*— Chbmist amd I>xvo> 

GIST. 

PHYSlCB^By Balfour Stbwart, F.R.S., Professor of Natural 
Philosophy in the Victoria University the Owens College, 
Manchester. With numerous Illustiations. l8mo. \s. New 
Edition. With Questions. 

PHYSICAIi GEOGRAPHY— By ARCHIBALD GbIKIB, F.R.S., 

Murchison Professor of Geology and Mineralogy at Edin- 
burgh. With numerous Illustrations. New Edition, with 
Questions. i8mo. u. 

"Everyone of his lessons is «ariced by samplidty* dwanett, aad 
correctness. ** — Athbnjbum. 

GEOIiOGY — By Professor Gbikix, F.R.S. With inmieroBi 
Illustrations. New Edition. i8mo. doth. i/. 

**lt is hardly possible for tha dullest child te misunderstand tfaoi 
ci a classification of summs after PioCnnaK QwiiaiJur— ^—*s— "— 

BOAWLD ChMOHICLM, 
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SCIBNCB PRIMBRB CottHmied— 

PHYSIOIiOOY — By MiCHAEL FOSTER, M.D., F.R.S. With 
nvmeroiu Illustrations. New Edition. i8ma is, 

** The book seems to ns to leaire nothiac to be deared as an elemenury 
tezc-boolc "— Academy. 

ASTRONOMY — By J. NoRMAN LOCKYXR, F.R.S. With 

numerous Illustrations. New Edition. i8mo. is. 

^* This is altogether one of the aost likely attempts we have ever seen to 
bring astronomy down to the capacity of the young child." — School 
Board Chroniclk. 

BOTANY— By Sir J. D. HooKBR, K.C.S.I., C.B., F.R.S. 

With numerous Illustrations. New Edition. i8mo. is, 

'*To teachers the Primer will be of inestimable valne, and not only 
because of the simplicity c£ the language and the clearness with which the 



subieet matter is treated, but also on account of its coming from the highest 
authority, and so famishing positive informatioD as to the most suitable 
methods of teaching the science oi botany."— Naturb. 

JbOGiC— By Professor Stanley Jbvons, LL.D., M.A., F.R.S. 
New Edition. iSma is. 
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It appears to tis admirably adapted to serve both as an introduction 
to scientific reasoning, and as a gtdde to soimd Judgment and reasoning 
in the ordinary afiairs ot Ufa.'* — Acadxmy. 

POliiTlCAii BCONOMY— By Professor Stanley Jbvons,' 
LL.D., M.A., F.R.S. i8mo. is, 

" Unquestionably in every respect an admixabk primer."— School 

BOAKD ChBONICIX. 

In preparation : — 
ZOOLOGY. By Professor Huxley. &c. &c. 



ELEMENTARY CLASS-BOOKS. 

ASTRONOMY^ by the Astronomer RojAl. 

POPULAR ASTRONOMY, Witii lUustiations. By Sir 
G. B. Airy, K.C.B., Astronomer RoyaL New Edition 
i8mo. 41. td, 
ASTRONOMY. 

ELEMENTARY LESSONS IN ASTRONOMY. With 
Coloured Diagram of the Spectra of the Sun, Stars, and 
Nebulae, and numerous Illustrations. By J. Norman Lockysr, 
F.R.S. New Edition. Fcap. 8vo. 5^. 6d. 

**FvU, clear, sound, and worthy oC m»«itiiM»L, nioa tio^ci Mb %. ^^p^wv 
exposition, bnt as a sdentifie * Inma.^ '"—K.TBs.^jaxsia. 
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BIiEMENTARY OIiASS-BOQ^II ContinUffirT' 

QUESTIONS ON LOCKYERS ML£MMI^T4MY LES- 
SONS IN ASTRONOMY. For the U«e of Sg2m>q1s. By 
John Forbes-Robertson. i8mo. cloth limp. ii. 6d, 

PHYSIOIiOGY. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 
numerous Illustrations. ByT. H. HuxLBY, F.R.S., Professor 
of Natural History in the Royal School of Mines. New 
Edition. Fcap. 8vo. 4r. 6d, 

*• Pure gold throughout.'* — Guakdian. 

" Unquestionably ttie clearest and mo0 eonaplMe dbatenury (realise 
on this subject that we possess in any lani^age. — Witsrif nrsrnt Rkvikw 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR 
SCHOOLS. By T. Alcock, M.D. iSmo. is. 6d. 

BOTANY. 

LESSONS IN ELEMENTARY BOTANY. By D. 
Oliver, F.R.S., F.L.S., Professor of Botany in University 
College, London. With nearly Two Hundred IllustratioDs. 
New Edition. Fcap. 8vo. 4x. 6d. 

CHEMISTRY. 

LESSONS IN ELEMENTARY CHEMISTRY, IN- 
ORGANIC AND ORGANIC, By Hei^ry E. Roscok 
F.R.S., Professor of Chemistry in the Victoria University the 
Owens College, Manchester. With numerous Illnstrations 
and Chromo-Litho of the Solar Spectrum, and of the Alkalies 

and Alkaline Earths. New Edition. Fcap. 8vo. 4J. ^d. 
'* As a standard general text-book it deserves to take a leading place." — 
Spectator. 

*' We unhesitatingly pronounce it the best of all our elementary treatises 
on Chemistry." — Medical Times. 

A SERIES OF CHEMICAL PROBLEMS, prepared with 
Special Reference to the above, by T. E. Tfcorpe, Ph.D., Pro- 
fessor of Chemistry i he Yorkshire College of Science, Leeds. 
Adapted for the Preparation of Students for the Government, 
Science, and Society of Arts Examinations. With a Preface by 
Professor RoscoE. New Edition, with Key. i8mo. 2s, 

FOIiITlOAIi BOOMOMY. 

POLITICAL ECONOMY FOR BEGINNERS. By 
MiLLiCBNT G. Fawcktt. Ncw EditioD. i8mo. ax. §d, 

** Qear, compact, and eoBprdieiisive.''~DAiLT Nkws 
"The reladons 9i capital aad Ii&kkk Va?i% usfer hum mmm simply or 
elaariy eaqpcMmded."— OnrtviioajA'v'ftxram. 
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bOOIC. 

BLEMRNTARY LESSONS W LOGIC; Deductive and 

Indnctiire^ w)tk cofHottd Questions and Examples, and a 

VocAbttkr^ of Logical Terms. By W. Stanley Jbvons, 

LL.D., M.A., F.R.S. New Edition. Fcap. Svo. y.ttU 

** Noddng can be better for a school-book. "—Guakdxah. 

"A dUmial alike simple, interestiiis, and •deadfic'*— Athxhjbum 

PHYSICS. 

LESSONS IN ELEMENTARY PHYSICS. By Balfoue 

Stewart, F.R.S., Professor of Natural Philosophy in the 
Victoria University the Owens College, Manchester. With 
Bumerous Illustrations and Chromolitho of the Spectra of the 
Sun, Stars, and Nebulae. New Edition. Fcap. 8to. 41. 6d, 

"The beau-ide«) of a sdeMifie text-book, eloar. aeeuiaie, and thoreoffh." 
— Edocational Timks. 

QUESTIONS ON BALFOUR STEWART'S ELE- 
MENTAR V LESSONS IN PHYSICS. By Prof. Thomas 
H. Core, Owens College, Manchester. Fcap. Svo. 2s, 

PRACTIGAIi CHEMISTRY, 

THE OWENS COLLEGE JUNIOR COURSE OF 
PRACTICAL CHEMISTRY. By Francis Jones, Chemical 
Master in the Grammar School, Manchester. With Prefiu:e by 
Professor RoscoB, and Illustrations. New EditioR. i8mo. 

dl^lMliTRY. 

QUESTIONS ON CHEMISTRY. A Series of Problems 
and Exercises in Inoi|f&iiie and Organic Chemistry. By 
Francis Jones, F.R.S.E., F.C.S., Chemical Master in the 
Grammar School, Manchester. Fcap. 8va 5^. 

Anatomy. 

LESSONS IN ELEMENTARY ANATOMY. By St. 
George Mitart, F.R.S., Lecturer in Comparative Anatomy 
at St. Mary's Hospital With upwards of 400 Illustrations. 
Fcap. Svo. 6s. 6d. 

** It laay be queetioiied whether any othef work ea wamxaMy con t ai n s in 
lika cpfapessso jsoporidonately ereat a mas^ of infioraution. "— Lanoct. 
'"nie wMcis excellent, and »oiild be in tbe bands of e«^ StU!den$>«f 
."— BIkdical Tinas. 
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STBAM. 

AN ELEMENTARY TREATISE. By John Pkrry, 

C.E., Whitworth Scholar, Fellow of the Chemical Society, 
Lecturer in Physics at Clifton College. With numerons Wood- 
cuts and Numerical Examples and Elxeicises. l8mo. 4/. &/. 

*' The young engineer and those seeking for a cemprehennve knairledg* 
<^ the use, jKrirer, and economy <^ steam, could not have a more nseral 



work, as it is very intelligible, well arranged, and ptaetieal tbroog^ioat.''— 
Ikonmongkk. 

PHYBIGAIi OBOORAPHY. 

ELEMENTARY LESSONS IN PHYSICAL GEO- 
GRAPHY. By A. Gkikix, F.R.S.» Muichison Professor 
of Geology, &c., Edinbuigh. With nomeroiis Illustntions. 
Fcap. 8va 41. td, 
QUESTIONS ON TUB SAME. u. 6d. 



CLASS-BOO^ OF GEOGRAPHY. By C B.CLAKKB, BIA., 
F.L.S., F.G.S. New Edition, with Eighteen Coloured Bfaps. 
Fcap. 8vo. 31. 

NATURAIi PHII.080PHY. 

NATURAL PHILOSOPHY FOR BEGINNERS. By 
L ToDHUNTBR, M.A., F.R.S. Part L The Properties of 
Solid and Fluid Bodies. i8mo. 31. 6^ 
Fart IL Sound, Light; and Heat iSmo. 3r. 6d. 

MORAL PHILOSOPHY. 

AN ELEMENTARY TREATISE. By Prof. E. CAIRO, 
of Glasgow University. \In preparatum, 

ELECTRICITY AND MAGNETISM. 

ELEMENTAR Y LESSONS IN ELECTRICITY AND 
MAGNETISM. By Prof. Silvanus P. Thompson, of Uni- 
versity College, Bristol. With Illustration^. Fcap. 8vo. 4;. 6d, 

SOUND. 

AN ELEMENTARY TREATISE. By W. H. Stone, 
M.B. With Illustrations. i8ma 3^. 6d. 

PSYCHOLOGY. 

ELEMENTAR Y LESSONS IN PSYCHOLOGY. By G. 
Ckoom Robertson, Professor of Mental Philosophy, &c.. 
University College, London. SJn freparatitm. 
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BUDMBNTARY GIJL8S BOOKS CotUinued— 

AORIOULTURB — ELEMENTS OF A GRICULTURAL 
SCIENCE, ByH. Tanner, F.C.S., Professor of Agricultural 
Science, University College, Aberystwith. Fcap. 8vo. 3^. daf. 

BCONOMIGS— r//^ ECONOMICS OF INDUSTR Y. By A. 

Marshall, M.A., Principal of University College, Bristol, 

and Mary P. Marshall, late Lecturer at Newnham Hall, 

Cambridge. Extra fcap. 8vo. 2s. 6d, 

"The book is of sterling value, and will be of great use to students and 
teachers."— ATHSNiBUM. 

OtJktrs in Freparaii^H, 



MANUALS FOR STUDENTS. 

Crown 8vo. 

COmnK— GUIDE TO THE STUDY OF POLITIC AL 
ECONOMY, By Dr. LuiGi CossA, Professor in the 
University of Pavia. Translated from the Second Italian 
Edition. With a Preface by W. Stanley Jevons, F.R.S. 
Crown 8vo. 4r. 6d, 

DTBR AND yiTKBM— THE STRUCTURE OF PLANTS, By 
Professor Thiselton Dyer, F.R.S., assisted by Sydney 
Vines, B.Sc., Fellow and Lecturer of Christ's Collie, 
Cambridge. With numerous Illustrations. \In preparation, 

TAWGBm—A MANUAL OF POLITICAL ECONOMY. 
By Right Hon. Henry Fawcstt, M.P. New Edition, 
revised and enlarged. Crown 8vo. I2f. 

FI.BI8CHBB— ^ SYSTEM OF VOLUMETRIC ANALY- 
SIS. Translated, with Notes and Additions, from the second 
German Edition, by M. M. Pattison Muie, F.R.S.E. With 
Illustrations. Crown 8vo. Is. 6d. 

FX.OWBR (W. JEL.\— AN INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA. Being the substance of 
the Course of Lectures delivered at the Royal CoU^e of 
Surgeons of England in 1870. By Professor W. H. Flower, 
F.R.S., F.R.C.S. With numerous Illustrations. New Edition, 

enlaiged. Crown 8ya 101. 6fl^. 

c 1. 
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MANUAI.8 FOR «Ty09NT« CfflUm¥4d^ 

roBT9WL nvA iiAVOU^Y— 4 Caua^M OF ^.l^Af^f^TAJ^y 
PRACTICAL PHYSIQIOQY. By M|CHA»i. Fotnw, 
M.D., K.R.S., and J. N. i;,4N6L;fY, BrA, FourU) gdjtion. 
Crown 8va &. 

HOOKBK— TWliT STUPBNT'S FLORA OF TH$ BRITISH 
ISLANDS. By Sir J. D. Hookbr, K^CSX, CB., F,R.S., 
M.D., D.C.L. New Edition, fevisei}. Globe S?q. |qil &^. 

IfXiM^uanL—PHYSIOGRAPHY. AnlntiodnetioBtotlie^tadyof 
Nature. By Professor Huxley, F.R.S. Vf^SStn numerous Illns- 
trations, and Coloured Plates. Third and Cheaper Edition. 
Crown 8yo. dr. 

HUXIiBY »»d IVAETIM— ^ COURSE OF FMACTICAL 
INSTRUCTION IN ELEMENTARY BIOLOGY. By 
Professor Huxley, F.R.S., assisted by H. N. Martin, M.B., 
D.Sc. New ]^tion, revised. Ciowii 8to. ^. 

smvoVBr-TNE PRINCIPLES OF SCIENCE. A Treatise 
on Logic and Scientific Method. By Professor W. Stanley 
JSYONS, LLD., M.A., F.R.S. New and Rerised Edition. 
Crown 8vo. izr. Sd, 

STUDIES IN DEDUCTIVE LOGIC. Bf Proftssor 
W. Stanley Jevons, LL.D., M.A., F.R.S. Crown dvo. 6j. 

KBNNEDY — MECHANICS OF MACHINERY, By 
A. B. W. Kennedy, M. Inst. C.E.j Professor of Engineering 
and Mechanical Technology m Utiiveisity College, London. 
With lUustrations. Crown 8vo. \Im the press. 

KIEPERT— ^ MANUAL OF ANCIENT GEOGRAPHY. 
From the German of Dr. H. Kikpert. Crown 8vo. Jf. 

oifiVER (ifToHumwy-FIRSTBOOICOFINDIAN BOTANY 
By Professoi Daniel Oliver, F,IUS.» F.L,S.» l^pspoc of 
the Herbarium and Library of the Royal G^eoSi KCY* 
With numerous Illustrations. E^ctr^ fcap, 8vo. df . 6d. 

PARKER— y^ COURSE OF INSTRUCTION IN ZOOTOMY 

(VERTEBRATA). By T. Jeffrey Parker* B.Sc Lond., 

Professor of Biology in the University of OtagD. Wilk Ulus- 

trsLtions. Crown 8vo. \kk tikt frdss. 
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MANUAIiB FOR VttTbttnTn ConHnued— 

^AHJtBDl 4»id iMi^Kist^ -- THR MOkPffOtOGV 6f 

TUM SKITLJL fiy Ax)fesS6f l^A&KKR aAd G. T. Bkttany. 

tlliistriited. Crown 8vo. lor. inl. 

Smith, KJUlVL — THU WEALTH OP NATiOArs. By 
Adam SmitJi. Edited with Notes, &c., for the Use of 
Students, by W. Stanley Jevons, LL.D., M.A., F.R.S. 
Crown 8vo. 

^hXt^AN BlkMENTAkV TREATISE 02^ HEAT By 
Frof«^ftorTAfT, F.R.S.E.i IIliistMtdd. [tH the press, 

*ta0fiLSO1i'-Z0OLOGYi fiy Sir C Wtvuxe Thomson, F.R.S. 
Illustrated. [In the press, 

TYJ»aU,—ANTffR0P6L0Gy. An Introduction to the Study of 
Man and Civilisation. By E. B. Tylor, D.C.L., F.R.S. 
With numerous illustrations. Crown 8vo. *js, 6d, 
Other volumes of these Manuals will follow. 

SCIENTIFIC TEXT-BOOKS. 

SALiPOUR— ^ TPEATtSE 01^ COMPARATIVE MMBRY- 
OLOGY, By F. M. Balfour, M.A., F.R.S., Fellow and 
Lecturet of Trinity College, Cambridge. With Illustrations. 
In ^ Vols. ^Yo. i8j. each. 

MKlJm (ft. *., K,M.\— EXPERIMENTAL MECHANICS. A 
Cotirse of Lecturiis ddivered at the Royal College of Science 
fortrdknd. By R. 1^. BAtt, A.M., Professor of AppUed 
Mathematics and Mechanics in the Royal College of Science 
for Irdaild. Cheaper Issue. Rcrjral drd. los. 6d, 

niVOftftl^--A TREATISE ON MATERIA MEDIC A. 
By T- Laudbr Brunton, M.D., F.R.S. 8vo. 

[In preparation. 

OJMAXSnVB—MEGHANICAL THEORY OF HEAT By R. 
Clausius. Translated by Walt«r R. Browne, M.A., late 
Fellow of Trinity College, Cambridge. Crown ^vo. los. 6d, 

OOTTBRIIiI.— ^ TREATISE ON APPLIED MECHAN- 
ICS, By Jambs Cottkrill, M.A., F.R.S., Professor of 
Applied Medianics at the Royal NaTftl College, Greenwich. 
With lUustrations. Sto. \1h ^e^aaraXvm. 
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■OIBNTIFIG TBXT-BOOKB CouHnMed-- 

DANIBLI.— ^ TREATISE ON PHYSICS FOR MEDICAL 

STUDENTS, By Alfred Danikll. With Ulustrations. 

8vo. [In prepartUiim, 

roSTBBr-i< TEXTBOOK OF PHYSIOLOGY. By Michael 
Foster, BLD., F.R.S. With niiutratioiis. Third Edition, 
revised. 8vo. %ts, 

OAMOEB— ^ TEXT-BOOK OF THE PHYSIOLOGICAL 

CHEMISTRY OF THE ANIMAL BODY. Indading an 

account of the chemical changes occurring in Disease. By 

A. Gamgee. M.D., F.R.S., Professor of Physiology in the 

Victoria University the Owens College, Manchester. 2 Vols. 

8vo. With Illustratioos. VoL I. i8j. 

[Vol. II. in theprtsi. 

QBaBVBAVU—ELEMENTS OF COMPARATIVE ANA 

TOMY. By Professor Carl Gbgbnbavr. A Translation by 

F. Jeffrey Bell» B.A. Revised with Pre&ce by Professor 

E. Ray Lankestbb, F.R.S. With numerous Illustrations. 

8vo. %\s, 

QBULlTSk— TEXT-BOOK OF GEOLOGY. By Archibald 
GEIKIE, F.R.S., Professor of Geology in the University of 
Edinburgh. With numerous Illastrations. 8vo. [In the press, 

GBArx— STRUCTURAL BOTANY, OR ORGANOGRAPHY 
ON THE BASIS OF MORPHOLOGY. To which are 
added the principles of Taxonomy and Phytography, and a 
Glossary of Botanical Terms. By Professor Asa Gray, 
LL.D. 8vo. loj. 6d. 

HAMII.TON— ^ TEXT-BOOK OF PATHOLOGY. By D. 
T. Hamilton. [In preparation. 

lUBWQOViB— POPULAR ASTRONOMY. By S. Nbwcomb, 
LL.D., Professor U.S. Naval Observatory. With 112 nins 

trations and 5 Maps of the Stars. 8vo. l8f. 

** It is unlike anything else of its kind, and will be of mere use in dr- 
eulating a knowledge ot astronomy than nine-tenths of the books which 
have appeared on ue subject of late years."— %S'a/«n£t^ Reviiw, 

mmuuSLAVX, -^ THE KINEMATICS OF MACHINERY. 
Outlines of a Theory of Machines. By Professor F. Rbulbaux. 
Tteislated and Edited by Professor A. B. W. Kennedy. 
C£L With 450 niusbnddoni. 'M«&qsbl%<«q «vt. 
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SCIENTIFIC T^TSH-'BOOTLS.— Continued. 

R08C0B and BO^OB.jM'RVLJfl'EB,-' INORGANIC CHEMIS- 
TRY. A Complete Treatise on Inorgfanic Chemistry. By 
Professor H. E. RoscoE, F.R.S., and Professor C. ScHOR- 
LEMMER, F.R.S. With numerous Illustrations. Medium 8vo. 
Vol. I.— The Non-Metallic Elements. 2is. Vol. II. Parti.— 
Metals. i8j. Vol. 11. Part II. —Metals. i8j. 

Vol. III.— ORGANIC CHEMISTRY. Part. l.-^THE 
CHEMISTR Y OF THE HYDROCARBONS; and their De- 
rivatives or ORGANIC CHEMISTRY. By Profs. RoscoE and 
ScHORLEMMER. With numerous Illustrations. Medium 8vo. 2IJ. 

8CHORI.BMMER— ^ MANUAL OF THE CHEMISTRY OF 
THE CARBON COMPOUNDS, OR ORGANIC CHE^ 
MISTRY. By C. Schorlemmer, F.R.S., Professor of 
Chemistry, the Victoria University, the Owens College, Man- 
chester. With Illustrations. 8vo. I4r. 

THORPE AND Rt^CKER— ^ TREA TISE ON CHEMICAL 
PHYSICS. By Professor Thorpe, F.R.S., and Professor 
RuCKER, of the Yorkshire Coll^;e of Science. Illustrated. 
8vo. [/« preparation. 

NATURE SERIBS. 

THE SPECTROSCOPE AND ITS APPLICATIONS. By 
J. Norman Lockyer, F.R.S. With Coloured Plate and 
numerous Illustrations. Second Edition. Crown 8vo. y. 6d, 

THE ORIGIN AND METAMORPHOSES OF INSECTS. 
By Su: John Lubbock, M.P., F.R.S., D.C.L. With nume- 
rous Illustrations. Second Edition. Crown 8vo. 3^. 6d. 

THE TRANSIT OF VENUS. By G. Forbes, M.A., Pro- 
fessor of Natural Philosophy in the Andersonian University, 
Glasgow. Illustrated. Crown 8vo. 3^. 6d. 

THE COMMON FROG. By St. George Mivart, F.R.S., 
Lecturer in Comparative Anatomy at St Mary's Hospital. 
With numerous Illustrations. Crown 8vo. 35. 6d. 

POLARISATION OF LIGHT. By W. Spottiswoode, P.R.S., 
With many Illustrations. Second Edition. CrowaSv<i, -^.fwl. 
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NATTTRB SBRIBS CofUmuid— 

ON BRITISH WILD FLOWERS CONSIDERED IN RE- 
LA TION TO INSECTS. By Sir John Lubbock, M.P., 
F.R.S. With numerous Illustrations. Second Edition. Crown 
8vo. 41. 6d. 

THE SCIENCE OF WEIGHING AND MEASURING. AND 
THE STANDARDS OF MEASURE AND WEIGHT. 
By H. W. Chisholm, Warden of the Standard!. With 
numerous Illustrations Crown 8vo. 4^. 6d, 

HOW TO DRAW A STRAIGHT LINE: a Lecture on link- 
.ages. By A. B. KsifPB. With Illustrations. Crown 8vo. is, 6d, 

LIGHT: a Series of Simple, Entertaining, and Inexpensive Expe- 
riments in the Phenomena of Light, for the Use oi Students ci 
every age. By A. M. Mkyvbl and C. Barnaxd. Crown 8vo, 
with numerous Illustrations. 2s, 6d, 

SOUND : a Series of Simple, Entertaining, and Inexpensive Ex- 
periments in the Phenomena of Sound, for the use of Students 
of every age. By A. M. Maybr, Professor of Physics is 
the Stevens Institute of Technology, &a With pumerous 
Illustrations. Crown 8vo. 3j. 6d, 

SEEING AND THINKING By Professor W. K. Clifford. 
F.R.S. With Diagrams. Crown 8vo. 3^. td, 

DEGENERATION. By Prof. E. Ray Lankester, F.R.S. 
With Illustrations. Crown 8vo. 2J. (id. 

FASHION IN DEFORMITY, as Illustrated in the Customs ol 
Barbarous and Civilised Races. By Prof. Flower. With 
Illustrations. Crown 8vo. 2J. 6^. 

Other volunus to follow. 

BASY LESSONS IN SOIBNGE. 
Edited by Prot W. F. Barrett. Extra fcap. Svo. 
HEAT, By Miss C. A. Martinbau. Illustrated, zs, 6d 
LIGHT, By Mrs. Awdry. Illustrated. 2x. 6^. 
ELECTRICITY, By Prof. W. F. Barrett. [/» pr^mnUion, 

SCIENCE LECTURES AT SOUTH 
KENSINGTON. 

VOL» I, Containing Lectures by Capt Abney, ProC Stokes, 

Prof. Kennedy, F. G. Bramwell^ Prot G^ Forbes, H. C. 

SoRBY, J. T. Bottomley, S. H. Vines, mid Prof. CAtEV 

FoBTMR. CrowA Svo. ts. 



SCIENCE. 41 

VOL, IL CoAtaming Lectures by W. Spottiswoodk, P.RS., 
Prot Forbes, Prof. Piqot, Prof. Barrstt, Dr. Burdon- 
Sanderson, Dr. Lauder Brunton, F.R.S., Prof. Roscos, 
«nd others Crown 8vo. dr. 

MANCHESTER SCIENCE LECTURES 
FOR THE PEOPLE. 

Eighth Series, 1876-7. Crown 8vo. Illustrated. 6d, each. 

WHAT THE EARTH IS COMPOSED OF By Professor 

Roscos, F.R.S. 
THE SUCCESSION OF LIFE ON THE EARTH. By 

Professor Williamson, F.R.S. 

WHY THE EARTH'S CHEMISTRY IS AS IT IS. By 
J. N. LOCKYER, F.R.S. 

Also complete in One Voltune. Crown 8vo. doth. u. 



AJm'BXJl'K-D1S:b.—ELEMENTAR Y APPLIED MECHANICS; 
being the simple and more practical Cases of Stress and Strain 
wrought out individually from first principles by means of 
Elementary Mathematics. By T. Alexander, C.E., Professor 
of Civil Engineering in the Imperial College of Engineering, 
Tokei, Japan. Crown 8vo. 4J. 6d. 

BlRTTAKit.—FI/fST LESSONS IN PRACTICAL BOTANY, 
By Gr. T. Bettany, M.A., F.L.S., Lecturer in Botany at 
Guy's Hospital Medical School. iSmo. is. 

niMKNroUl>—TH£ RUDIMENTS OF PHYSICAL GEO- 
GRAPHY FOR THE USE OF INDIAN SCHOOLS; with 
a Glossary of Technical Terms employed. By H. F. Blanford, 
F.R.S. New Edition, with Illustratiods. Globe 8vo. 2s, 6d. 

B-Vl^BXm— UNITS AND PHYSICAL CONSTANTS. By 
J. D. Everett, F.R.S., Professor of Natural Philosophy, 
Queen's College, Belfast. Extra fcap. 8yo. 4r. 6d. 

aTLlKlB.— OUTLINES OF FIELD GEOLOGY. By Prof. 
Gbikie, F.R.S. With Illustrations. Extra fcap. 8va y.6d, 

iBJUn^AVUBr-BLOWPIPE ANALYSIS. By J. Landauer. 
Authorised English Edition by J. Taylor and W. E. Kay, of 
Owens College, Manchester. ExtrsL fcac^. Vio. v* ^« 
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MXnn^PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS, Specially arranged for the first M.B. Course. By 
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. is. 6d. 

^'WEfX-Dmom—OUTLINES OF PHYSIOLOGY IN ITS 
RELATIONS TO MAN By J. G. M'Kendrick, M.D. 
F.R.S.E. With niustrations. Crown 8vo. I2s. 6d. 

WLlAXJf-^TUDIES IN COMPARA TIVE ANA TOMY. 

Na I. — ^The Skull of the Crocodile : a Manual for Students. 
By L. C. MiALL, Professor of Biology in the Yorkshire CoUc^ 
and Curator of the Leeds Museum. 8vo. 2s. 6d, 
No. IL — Anatomy of the Indian Elephant. By L. C. MiALL 
and F. Greenwood. With Illustrations. 8vo. 51. 

BnA.VV'-AN ELEMENTARY TREATISE ON HEAT, IN 
RELATION TO STEAM AND THE STEAM-ENGINE, 
By G. Shann, M.A. With Illustrations. Crown 8vo. ^.6d, 

TA.VNBB.— FIRST PRINCIPLES OF AGRICUL TURE, By 
H. Tanner, F.C.S., Professor of Agricultural Science, 
University Coll^:e, Aberystwith, &c i8mo. \s. 

THE PRINCIPLES OF AGRICULTURE: a Series of 
Reading-Books for use in Elementary Schools. Prepared by 
Professor Tanner. Extra fcap. Svo. 

I. The Alphabet of the Principles of Agricidture. 6</. 
II. Further steps in the Principles of Agriculture, is, 

ELEMENTS OF AGRICULTURAL SCIENCE. Fcap. 
Svo. 3J. 6d. 

WUIGUT—METALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS, By C. Alder Wright, D.Sc, &c. 
Lecturer on Chemistry in St Mary's Hospital Medical School 
Extra fcap. 8to. 3^. 6d. 

HISTORY. 

AB.UOJMTy— THE ROMAN SYSTEM OF PROVINCIAL 

ADMINISTRATION TO THE ACCESSION OF CON- 

STANTINE THE GREAT, By W. T. Arnold, B.A. 

Crown Svo. 6j. 

"Ought to prove a valuable handbook to the student of Roman 
history, —Guardian. 
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VBJMVX—STORIES FROM 7 HE HISTORY OP ROME. 

By Mrs. Bbesly. Fcap. 8vo. 2J. 6</. 

" The attempt appears to us in every wav successful. The stories ar« 
interesting in themselves, and are told with perfect simplicity and good 
feeling." — Daily Nbws. 

VUJOOJL— FRENCH HISTOR YFOR ENGLISH CHILDREN. 
By Sarah Brook. With Coloured Maps. Crown 8vo. 6s. 

PREBMAN (BDWARD iL.}— OLD-ENGLISH HISTORY- 
By Edward A. Freeman, D.C.L., LL.D., late Fellow of 
Trinity CoU^e, Oxford. With Five Coloured Maps. New 
Edition. Extra fcap. 8vo. half-bound, dr. 

OKBBN— ^ SHORT HISTORY OF THE ENGLISH 

PEOPLE. By John Richard Green, M.A., LL.D. With 

Coloured Maps, Genealogical Tables, and Chronological 

' Annab. Crown 8va &r. 6cl. Eightieth Thousand. 

" Stands alone as the ooe general histoi^ of the country, for the sake 
of which all others, if joang and old are wise, will be speedily and surely 
set aside."— AcADBMY. 

READINGS FROM ENGLISH HISTOR Y. Selected 

and Edited by John Richard Green, M.A., LL.D., 

Honorary Fellow of Jesus Collie, Oxford. Three Parts. 

Globe 8vo. is. 6d. each. I. Hengist to Cressy. IL Cressy 

to CromwelL III. Cromwell to Balaklava. 

GVJLST—LECTC/RES ON THE HISTORY OP ENGLAND. 
By M. J. Guest. With Maps. Crown 8vo. 6j. 

" It is not too much to assert that this is one of the very best class books 
of English History for young students ever published." — Scotsman. 

aiBTORXGAL COURSB FOR SGHOOIiS — Edited by 
Edward A. Freeman, D.CL., late Fellow of Trinity 
CoU^e, Oxford. 

I. GENERAL SKETCH OF EUROPEAN HISTORY. 

By Edward A. Freeman, D.CL. New Edition, revised 

and enlarged, with Chronolc^cal Table, Maps, and Index. 

i8mo. cloth. 3 J. 6d. 

** It supplies the great want of a good foundation for historical teaching. 
The scheme is an excellent one, and this instalment has been executed in 
a way that promises much for the volumes that are yet to appear."— 
Educational Times. 

IL HISTORY OF ENGLAND. By Edith Thompson. 

New Edition, revised and enlarged, with Coloured Maps. i8mo. 

2x. 6d. 

in. HISTORY OF SCOTLAND. By Margaret 
Macarthur. New Edition. i8mo. %s. 



«« 



'An excellent samniary» nnimpeaehable as to CmA> vbi^ voMq:^]^. ^CbKo. 
in the clearest and most imparttal Uchit attaomi^Vtf ^^KKSiuoa^ 
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HI8TORIOAX. dOURtlB MR gdttd6l.fll CmH$iMed^ 

IV. HISTORY OF ITALY, By the Reir. W. HUHT, M.A. 

l8mo. 3J. 

" It possesses the same soGd meht^ as its pi:edee<^soKs .... the same 
scrapulons care about fidelity in details. ... It is aistinguished, too, bv 
infonaatieQ on art, archkeetuiA *od social pplilich Hi ^1^^^ ^ "waSatt^ 
erasp is seen by the finnness and clearness en his touch" — ^Educational 
Times. 

V. HISTORY OF GERMANY. By J. SlMB* WLA. 
i8mo. 3j. 



*'A rcmaikablY dear and impvcsnve hi^ory of Gcnumy. Its great 
events are wisely kept as central figures, ana Uie amatler events are care- 
fully kept, not only subordinate and subservioit, bat most tldlfbUr woven 



into the texture of the historical tapestry presented to the eye."— 
Standard. 

VI. HISTORY OF AMERICA. By JoHK A. Doyli. 

With Maps. i8mo. 4^. 6a. 

" Mr. Doyle has perforaied his task with admirable care, fslness^ and 
clearness, and for the first tiaie we have for schools an accurate and mter- 
esting history of America, from the «arli«t to the present time."— 
Standard. 

EUROPEAN COLONIES. By B. J. Patns» M.A. With 

Maps. i8ma 4J. td. 

"We have seldom met with an Historian capable (^ forming a men 
comprehensive, far-seeing, and unprejuoiced estimate of events and 
peoples, and we can commend this little work as ^ne ontaiQ to pc«ve ef 
Uie highest interest to all thoughtful readers. "-*Tim as. 

FRANCE, By Charlotte M. Vonge. With Maps. i8mo 

"An admirable text-book for the lecture room." — Academy. 

GREECE, By Edward A. Frbbman, D.C.L. 

\In prtpQira^on, 
ROME, By Edward A. Freeman, D.C.L. \In the press, 
HISTORY PRIMERS -Edited by JOHN RiCHARB Grsxn. 
Author of « A Short History of the Etigtish Pftoplei" 
ROME. By the ReV. M. CreigHTON, M.A., late Fellow 
and Tutor of Merton College, Oxford. With Eleven Maps. 

i8mo. \s, 

"The author has been curiously saecestfol in telling in an intdli- 

gent way the story of Rone firoai Brst to last. "---School Boabd 
Chroniclb. 

GREECE, By C. A. Fyffe, M.A., Fellow and late Tutor 

of University College, Oxford. With Five Maps. i8mo. M. 
"We give our unqusdified praise to this fittle mannaL'*-'ScROOb> 

MASTKK. 

EUROPEAN HISTORY. By B. A. Frxxman, IXCL., 
Uujy, With Maps. i8mo. I«. 

"The work is always <da«« ami fncm ik Vmaiwuil l«r ID IteieiieAB 
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IklSifOliY VftlStfiRS CMidmuei-^ 

GMRRK ANTIQUITIES. By the R«r. J. P. Mahaffy, 

M.A. Illustrated. i8mo \$, 

** All that is nactafs^ry fqt tbe scttofair to know is tf Id so compactly yet 
fo fully, ana in a style so iot^esting, chat it is impossible for even the 
dullest boy to look on t^s littl* work in d»i smi« Mght as he regards his 



Other s^hoQ^ ^k>o|cs."'— Sjc^oolmastbiI. 

gi4SSIC4L GEOGRAPHY. 3y H. F. Tozer, M.A, 

"Another valuable aid to the study f^f the ancient world. ... It 
contains aA ttioffaous qnaanty of information packed into a smadl space, 
and at the same time cemmunici^ted in a very readable shape."— Joim Bull. 

GEOGRAPHY, ij Gsorqb Grove, D.CL. With Maps. 

i8mo. \s» 

'* A modd of what fuek a work should be .... we know oC no short 
treatise better suited to infuse life and spirit into the dull lists of proper 
names o^ which our ordinary eiass-books so often almost exdusively 
consist. "—TiMM* 

ROMAN ANTIQUITIES. Py?iofessor Wilkins. Dlus- 

tnted. i^mo. u. 

" A little boolF that throws a blase of light on Roman History, and 
is, moreover, intensely inttirtsimz.**-~ScAffai Board Chrwtie/g. 

FRANCE, By Charlottk M. Yon6«. i8mo. ts, 

** May be considered a wonderfully successful piece of work. .... Its 
general merit as a vigorous and clear sketch, giving in a small space a 
vivid idea of thte history of France, remains undeniable." — Saturday 
Review. 

Jxx Pi^PV&tipi)t fr— 
ENGLAJ^D. By J. R. Grkbn. M.A. 

I.STHBRIDGB— ^ SHORT MANUAL OF THE HISTORY 
OF INDIA, With a^ Account of India as it is. The 
Soil, Climate, and Productions ; the People, their Races, 
Religions, Public Works, and Industries ; the Civil Services, 
and System of Administration. By RoPER Letii bridge, 
M.A., C.I.E., Press Commissioner with the Government of 
India, late Scholar of Exeter College, Oxford, formerly Principal 
of Kishnaghur College, Bengal, Fellow and sometime Examiner 
of the Calcutta University. With Maps. Crown 8vo. 5j. 

MICHBX.I3T— ^ SUMMARY Of MODERN HISTORY, 
Translated from the French of M. Wf jchblet, and continued to 
the Present Time, by M. ^. VL. Simpson. Globe 8vo. 4J. 6d. 

iXTrtr-SCANDINAVIAA HISTORY, By E. C. Oxxi, 
With Maps. Globe ^o. 6s. 

9 ATitA— PICTURES OF OLD ENGLAND. By Dr. R. 
Pauli. Translisted with the sanction of Che Author b\ 
E. C. OxTi. Cheaper Edition. Ctonwi*^. f». 
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RAMSAY—^ SCHOOL HISTORY OF ROME. By G. G. 
Ramsay, M.A., Professor of Humanity in the University of 
Glasgow. With Maps. Crown Svo. \In pr^raHon. 

T KMT— ANAL YSIS OF ENGLISH HISTOR Y, based on Green's 
«' Short History of the English People." By C. W. A. Tait, 
M.A.y Assistant-Master, Clifton CoUege. Crown Svo. ^s. 6d, 

WHBBiaSR—^ SHORT HISTORY OF INDIA AND OF 

THE FRONTIER STATES OF AFGHANISTAN, 

NEPAUL, AND BURMA. By J. Talboys Whsklkr. 

With Maps. Crown »vo. I2J. 

" It is the best book of the kind we have ever seen, and we recommend 
it to a place in every school library." — Educational Times. 

YONOB (OHARI.OTTB M.)— ^ PARALLEL HISTORY OF 
FRANCS AND ENGLAND : consistuig of OotUnes and 
Dates. By Charlotte M. Yongx, Author of " The Heir 
of Reddyffe," &c.» &c. Oblong 4to. 3^. ^ 
CAMEOS FROM ENGLISH HIS7VRY. ^TROU 
ROLLO TO EDWARD IL By the Author of " The Heir 
of Reddyffe." Extra fcap. Svo. New Edition. 5^. 
A SECOND SERIES OF CAMEOS FROM ENGLISH 
HISTORY— THE WARS IN FRANCE. New Edition. 
Extra fcap. Svo. 5*^* 

A THIRD SERIES OF CAMEOS FROM ENGUSB 
-fiZSrOieK—THE WARS OF THE ROSES. New Edition. 
Extra fcap. Svo. 5j. 

A FOURTH i-iBieZfiaS^REFORMATION TIMES. Extra 
Fcap. Svo. Sx. 

EUROPEAN HISTORY. Narrated in a Series or 
Historical Selections from the Best Authorities. Edited and 
arranged by E. M. Sswbll and C. M. Yongx. First Series, 
1003— 1 154. Third Edition. Crown Svo. 6s, Second 
Series, loSS— 122S. New Edition. Crown Sva 6x. 

DIVINITY. 

*«* For other Works by these Authors, see Thsological 

Catalogue. 

ABBOTT (RBV. B. iL.)— BIBLE LESSONS. By the Re?. 

K A. Abbott, D.D., Head Master of the City of Lcmdon 

School New Edition. Crown Sva 41. 6d. 

** Wise, snggesihre, and t«i31y vKotoaadVsAXa&ioauuo religioiis t>«^ig»«* " 

'^UAIDIAM. 
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ARNOI.D— i< BIBLE-READING FOR SCffOOLS'-THE 
GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters zL — ^IxvL). Arranged and Edited for Young 
Learners. Bj Matthew Arnold, D.C.L., formerly 
Professor of Poetry in the University of Oxford, and Fellow 
of OrieL New Edition. i8mo. cloth, u, 
ISAIAH XL.'^LXVL With the Shorter Prophedei aUied 
to it Arranged and Edited, with Notes, by Matthsw 
Arnold. Crown 8vo. 5^. 

CHBIITBAM— ^ CHURCH HISTORY OF THE FIRST 
SIX CENTURIES. By the Ven. Archdeacon Chket- 
HAM. Crown 8vo. [In the press. 

CVUTBIB—MANUAL OF THE THIRTY NINE AR- 
TICLES. By G. H. CuRTEis, M.A., Principal of the 
Lichfield Theological College. [In preparaHon. 

mABKOlV— THE CHILDREN S TREASURY OF BIBLE 
STORIES, By Mrs. Herman Gaskoin. Edited with 
Preface by the Rev. G. F. Maclear, D.D. Part L— OLD 
TESTAMENT HISTORY. i8mo is. Part II.— NEW 
TESTAMENT. i8mo. is. Part III.— THE APOSTLES : 
ST. JAMES THE GREAT, ST. PAUL, AND ST. JOHN 
THE DIVINE. i8mo. is. 

OOIiDEN TREASURY P8AI.TBR— Students' Edition. Being 
an Edition of *'The Psalms Chronologically Arranged, by 
Four Friends," with briefer Notes. i8ma y. 6d, 

OREBK TESTAMENT. Edited, with Introduction and Appen- 
dices, by Canon Westcott and Dr. F. J. A. Hort. Two 
Vols. Crown 8vo. los. 6d. each. 
Vol. I. The Text. 
Vol. II. Introduction and Appendix. 

HARDVtriOK- Works by Archdeacon Hardwick. 

A HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gr^ory the Great to the Excommuni- 
cation of Luther. Edited by William Stubbs, M.A., Regius 
Professor of Modem History in the University of Oxford. 
With Four Maps. Fourth Edition. Crown 8va lor. 6d. 
A HISTORY OF THE CHRISTIAN CHURCH DURING 
THE REFORMA TION. Fourth Edition. Edited by Pro- 
fessor Stubbs. Crown 8vo. los. 6d« 
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rnxm^r-CHURCH HISTOR Y OF IRELAIfD. ]^ ^tt Btn 
RobbrtKing. Kcw Edition. J vols. Qc^wn tvo. 

ItACIiBAR— Woiks tyy the Rev. G. F. MacLEAI, D.D. 

Warden of St. Augustine's College, Canterbury. 

A CLASS-BOOK OF OLD TRSTAMBNT MI$TORY. 
New Edition, with Four Map^ \%m^ 41; M 

A CLASS' BOOK QF NEW TEI^TAMKNT fftSTORY^ 
including the Connection of fibue Old and N^ TctUtRfflt. 
With Four Maps. New Edition. iSma ^ StL 

A SHILLING BOOK OF OLD TBSTAMEm 
HISTORY^ for Natiofnl and Elemertaiy Sdux^ With 
Map. iSma doth. NewEcfitkm. 

A SHILLING BOOK OF NEW TESTAMENT 
HISTORY^ for National and Elementaiy Schools. With 
Map. iSmo. doth. New Edition. 

These works have been carefully abridged from the Mtthor's 

larfi^er may^wa^y. 

Class-book of the catechism of the 

CHURCH OF ENGLAND, New Ed. iAmw «l«tli. U. ML 

A FIRST CLASS-BOOK OF THE CAfEGHISM OF 
THE CHURCH OF ENGLAND^ with Scriptme Proo^ 
for Junior Classes and Schools. New Edition, iSmo. 6/. 

A MANUAL OF INSTRUCTION FOR CONmttMA^ 
TION AND FIRST COMMUNION WITH PRA VERS 
AND DEVOTIONS, 3iino. doth ertra, red edges. Sf. 

MAUIUCB— 7»ff LORD'S FRAYER, THE CREED, AND 
THE COMMANDMENTS. Manual for Paxc^ and School- 
masters. To whidi is add^ the Order of th« Scriptures. IBytfae 
Rev. F. Dknison Mauricb^ M.A. i8mo. cio^ lunp. t^. 

PAOCrrsR— ^ HISTORY OF THE BOOK OF COMMON 
FRAYER, widi a Rationale of hs Ofices. By Francis 
PjCOCTKR, M.A. Fo\ntiMflLth Edison, Mvlss^ aM M&kged. 
Crown 8va los. 6<l. 
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DVCtlON TO THE BOOK OF COMMON PRA YER. 
Re-arranged and supplekhaited by an Explanation of the 
Moiming and Evening Prayer and the Litany. By the 
ReV. F. JPROCTSk and tha Rev. Dr. Maclsax. New 
and £nlarge<i Edition, containing the Communion Service and 
the Confirmation and Baptismal Offices. i8mo. 9s, 6a, 

PSAIaMS or DAVID CHRONoLoaiCALlaY ARRANaBD. 
B^ Fotur Frtends. An Amended Version, with Historical 
Introdnction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Cr. 8vo. 8f. 6d. 

9LKM%iL^—THECATECHISEiei^MANaAL; or, the Church 
Catechism Illustrateti and Explained, for the Use of Clergy- 
men, Schoolmasters, and Teachers. By the Rev. Arthue 
Ramsay, M.A. New Edition. iSmo. ix. 6eL 

%\yLV%OH—AN EPITOME OF THE HISTORY OF THE 
CHRISTIAN CHURCH By William Simpson, M.A. 
New Edition. Feap. 8vo. y, 6d, 

TkBJMdli— By R. C. TRENCH, D.D., Archbishop Of Dublin. 
LECTURES ON MEDIEVAL C)ffURCH HISTORY, 
Being the Vtibstance of Lectures dditered at Queen's College, 
London. Second Edition, Revised. 8%o. iSf. 

SYNONYMS OF THE NEW TESTAMENT. Ninth 
Edition, revised. 8vo. I&r. 

WTBSTCOTT — Works by Brookb Foss Wkstcott, D.D., Canou 
of Peterborough. 

A GENERAL SUkVEY OP THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Fourth Edition. With 
Preface on "Supernatural Religion." Crown 8va lOr. &/. 

INTRODUCTION TO THE STUDY OF THE FOUR 
GOSPELS. Fifth Edition. Crown 8vo. lOir. td. 

THE BIBLE IN THE CHURCH. A Popular Account 
XA tMb Colleelion aiiH Reception of tlte Holy Scriptnres in 
tiUB t:itariatiaa Cfabtdici. New Edition. iSma doth. 

4 



so MACMILLAN'S EDUCATIONAL CATALOGUK 



WB8TCOTT— HORT- r^^ NEW TESTA MEN! IN THE 
ORIGINAL GREEK. The Text Revised by B. F. Westcott, 
D.D., Regius Professor of Divinity, Canon of Peterborough, 
and F. J. A. Hort, D.D., Hulsean Professor of Divinity; 
Fellow of Emmanuel College, Cambridge ; late Fellows of 
Trinity College, Cambridge. 2 vols. Crown 8vo. los, 6d, each. 
Vol. I. Text. 
Vol. II. Introduction and Appendix. 

WITmBOYX^-THE bible STUDENT'S GUIDE to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By William 
Wilson, D.D., Canon of Winchester, late Fellow of Queen's 
College, Oxford. Second Edition, carefully revised. 4to 
doth. 25J. 

YONQB (OHARliOTTB VL.)— SCRIPTURE READINGS FOR 
SCHOOLS AND FAMILIES. By Charlottk M. Yonok, 
Author of "The Heir of Reddyflfe." In Five Vols. 
First Series. Genesis to Deuteronomy. Extra fcap. 
8vo. IS. 6d. With Conmients, y, 6d. 
Second Series. From Joshua to Solomon. Extra fcap. 
8vo. IS. 6d. With Conunents, %s. 6d. 
Third Series. The Kings and the Prophets. Extra fcap. 
8vo. is. 6d. With Comments, 3^. &/. 
Fourth Series. The Gospel Times, is, 6d. With 
Comments, extra fcap. 8vo., 3/. 6d, 

Fifth Series. Apostolic Times. Extra fcap. 8vo. ix. 6d, 
With Comments, 3J. 6d. 
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ABBOTT—^ SHAKESPEARIAN GRAMMAR. An Attempt 
to illustrate some of the Differences between Elizabethan and 
Modem English. By the Rev. E. A. Abbott, D.D., Head 
Master of the City of London School New Edition. Extra 
fcap. 8vo. 6s. 

ANJ^:bubok-' LINEAR PERSPECTIVE, AND MODEL 

DRAWING. A School and Art Class Manual, with Qnestioiis 

And Exercises for Examination, and Examples of Examinatioo 

Papers. By Laurenck AHi>i.i^ao^. With Qhistntioiisi 

R€)ysd Svo. 2s. 



MODERN LANGUAGES, ART, ETC. 51 



i-^FIRST LESSONS IN THE PRINCIPLES OF 
COOKING. By Lady Barker. New Edition. i8mo. i^. 

-BOWniSi-FIRST LESSONS IN FRENCH. By H. CouR- 
THOPE BowEN, M.A. Extra fcap. 8vo. is. 

BBAUMAROHAI8— Z^ BARBIER DE SE VILLE. Edited, 
with Introduction and Notes, by L. P. Blouet, Assistant 
Master in St. Paul's School. Fcap. 8vo. 3^. dd. 

-BXKHVBLfk—FIRST LESSONS ON HEALTH. By J. Ber. 
NBRS. New Edition. iSmo. \s. 

BULKlBTOm—THE TEACHER. Hints on School Manage- 
ment. A Handbook for Managers, Teachers' Assistants, and 
Pupil Teachers. By J. R. Blakiston, M.A. Crown 8vo. 
2s. 6d, (Recommended by tlie London, Birmingham, and 

Leicester School Boards.) 

" Into a comparatively small book he has crowded a great deal of ex- 
ceedingly useful and sound advice. It is a plain, common-sense book, 
full of hints to the teacher on the management of his school and his 
diildren.— School Board Chroniclb. 

BRBYMAMM — Works by HERMANN Brsymann, Ph.D., Pro- 
fessor of Philology in ^e University of Munich. 
A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPLES. Second Edition. Extra fcap. 8vo. 41. 6d. 
FIRST FRENCH EXERCISE BOOK. Extra fcap. 8vo. 

SECOND FRENCH EXERCISE BOOK. Extra fcap. 8va 

BtiOOKS—MILTON. By Stopford Brooke, M.A. Fcap. 
8vo. IS. 6d. (Green's Classical Writers.) 

SVT'LB'R-^HUDIBRAS. Part I. Edited, with Introduction 
and Notes, by Alfred Milnes, B. A. Crown 8vo. 3J, 6d. 

CAMBRIDGE UNIVBRSITY ALMANACK AND RB- 
6ISTER FOR 1881, bemg the Twenty-ninth Year of 
Publication. Crown 8vo. 3^. 6d. 

QiLUliB:RWOOJ^— HANDBOOK OF MORAL PHILOSOPHY. 
By the Rev. Henry Calderwood, LL.D., Professor of 
Moral Philosophy, University of Edinburgh. Sixth Edition. 
Crown 8vo. 6s. 

OOI.I.IBR— ^ PRIMER OF ART. With muit».tiR«&. %^ 
John Coiuer. i8mo. ix. ^ImmtdviuVj 

d 1 
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DAvrrt^TffS PURGATORY OF DANTE. Edited; with 
Translation and Notes, by A. J. Butler, M.A,, late Fellow 
of Trinity College, Cambridge. Crown 8vo. I2j. 6d, 

DBI.AMOTTB— ^ BEGINNER'S DRAWING BOOK4 By 
P. H. DelamottEj F.S.A. Progressively arranged. New 
Edition improved. Crown 8vo. jj. td. 

TASK^CHT—THE ORGANIC METHOD OF STUDYING 
LANGUAGES, By G. Eugene Fasnacht, Author of 
** Macmillan's Progressive French Course," Editor "jSTac- 
millan's Foreign School Classics," &c. Extra fcap. 8vo. 

I. French. [It^metHatefy. 

i^kWQitrt— TALES in political ECONOMY. by 
MiLLicENT Garrktt FX'UrcRTT. Globe 8V0. 3*. 

tHitiMdlft—SCI^OOL IJ^SPECtlOM By D. R. Fkahon. 
M.A., Assistant Commissioner of Endowed- S'diools: Third 
Edition. Crown 8vo. ^. 6d. 

t±±'0'&RlClSr-HINTS TO HOUSEWIVES ON SEVERAL 
POIN/S, PARTICULARLY ON THE PREPARATION 
OF ECONOMICAL AND TASTEFUL DISHES. By 
Mrs. Frederick. Crown 8v6. 2j. Sd. 

^ " This unpretending and useful little volume distfaictly supplies a de- 
sideratum The author steadily keeps in view the simple aim of 

• making e very-day meals at home, particularly the dinner, attractive,* 
without adding to the ordinary household expenses." — SatureUQf Review. 

aiMA-HSTONli— SPELLING REFORM PROM AN EDO- 

CATION AL POINT OF VIEW. By J. H. Gladstone, 

Ph.D., F.R.S., Member of the School Board for London. 

New Edition. Crown 8vo. is. 6d, 

aoiMnsfaim—THE TRA VELLER^ or a Prospect of Society ; 
and THE DESERTED VILLAGE. By Oliver Gold- 
SMITH. With Notes Philological and Explaiiatory, by'^jf. ^. 
Hales l^lf.A. Crown Slvo. 6d. 

CfitANii^UiOM'SliE—CUTTING-OUTANDDRESSMA^II/G. 
From the French of Mdlle. E. Grand'homme. With Dia- 
grams. i8mo. Is. 

a±ltjiN-A SHORT GEOGRAPHY OF THE BRITISH 
ISLANDS. By John Richard Green and Alice 
Stopford Green. With Maps. Fcap. 8vo. 3^. 6d. 

The T/wts says :— " The method of the work, so far sCs^rtsA in^ismiction 

is concerned, is nearly all that could be desired. ... Its great merit, in 

addition to its scientific aTTangetnecft wA ii^ ^vtc^ctive style sii iaeS&U' 

to the readers of Green's S/tort History \&x3tAX.>^<& lM3t&w« «ckvc«Kiited 
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as to compel the careful student to thipk for himself. . . . TTlf work may 
be read with pleasure and profit by anyone ; we trust that k will gradually 
find its way into the higher forms of our schools. With this text-book as 
his guide, an intelligent teacher might make geography what \t leally is— • 
one of the most interesting and widely-instructive studies." 

^JLlsT;^—LONG£Ji ENGLISH POEMS, with Notes, Philo- 
logical and Explanatory, and an Introduction on the Teaching 
of English. Chiefly for Use in Schools. Edited by J. W. 
Halss, M.A., Professor of fjgiglish XitffajCu^e 91 J^psg'f 
Collie, London. New Edition. Extra fcap. Syp. ,4/. 6^. 

HOLB— ^ GENEALOGICAL STEMMA OF THE KINGS 
OF ENGLAND AND FRANCE. By the Slev. C. Hole. 
Otx ^ept. IS. 

JOHNSON'S LIVES OF THE FOETS. The Six Chief Lives 
<Milton, Pryden, Swift, Addison, ^ope, G:ray), with ^zcxaUxfs 
"Life of Johnson." Edited with Pr/efiice by ^ATTHSW 
Arnold. Crown ^vo. ts, 

I.ITSKATURS PRIMB&8— Edited by JOHN JUC9A^U> Q^UIKN, 
Author of ** A Short History of the English People." 

ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D., 
sometime President of the Pfaflological Society. i8mo. 
doth. IS. 

ENGLISH GRAMMAR EXERCISES. By R. Morris, 
LL.D., and H. C. Bowen, M.A. i8mo. is. 

THE CHIf^DREN'S T^MASC/IfV Of LYRICAL 
POETRY. Selected and arranged with No^ l^y Fj^^NCls 
TuwjjB^ ]PAL6^y^. Ii^ 7)fro p^. f $mo. ix. ei^ch. 

ENGLISH LITERATURE. By Stopforp Brooke, 
M.^ New Edition. iSmo. u. 

PHILOLOGY. By J. Peile, M.A. i«mo. ix. 

GREEK LITERATURE, By Professor Jebb, M.A. i8ma \s. 

SHAKSPERE. By Professor Dowden. 1819(19. \s. 

HOMER. By the Right Hpo. W. 1^ Qh/ij)f»TpV]f^ M.P. 
iSmo. is. 

ENGLISH COMPOSITION. By Pnofeaeor Muusov.. v%c&s^. 

IS. 
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la prepaiatioii : — 

LA TIN LITERA TURB, By Professor Skslxy. 
HISTORY OF THE ENGLISH LANGUAGE. By 
J. A. H. Murray, LL.D. 

SPECIMENS OF THE ENGLISH LANGUAGE, 
To Illnstxate the above. By the same Author. 

MAOanialiAN'B OOFY-BOOKS— 

Pablished in two sizes, viz. : — 

I. Large Post 4to. Price 4^. each. 
3. Post Oblong. Price 2d, each. 

I. INITIATORY EXERCISES 6* SHORT LETTERS. 

♦2. WORDS CONSISTING OF SHORT LETTERS. 

*3. LONG LETTERS. With words containing Long 
Letters — ^Figures. 

♦4. WORDS CONTAINING LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. I to 4. 

•5. CAPITALS AND SHORT HALF-TEXT. Words 
beginning with a Capital 

•6. HALF' 7 EXT WORDS, beginning with a Capital- 
Figures. 

•7. SMALL-HAND AND HALF-TEXT. With Caidtals 
and Figures. 

*8. SMALL-HAND AND HALF-TEXT. With Capitals 
and Figures. 

8a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 5 to 8. 

•9. SMALL-HAND SINGLE HEADLINES^Yh^m&. , 

10. SMALL-HAND SINGLE HEADLINES^Tvgajns. 
♦11. SMALL-HAND DOUBLE HEADLINES— Figaiti. 

11. COMMERCIAL AND ARITHMETICAL EX- 
AMPLES, dr»c. 

12a. PRACTISING AND REVISING COPV'BOOir. For 
Nos. 8 to 12. 

* T!kise numben may he had vaiik Goodmans PaUnt SUding 
Copies. Laxgp Posl 4\o. "txvcfe W. «ai3ti. 
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MAOMIIaliAN'B PROGRESSIVB FRENCH OOURBB— By 

G. EuGi^NE-FASNACHT, Senior Master of Modem Languages, 
Harpur Foundation Modem School, Bedford. 

I. — First Year, containing Easy Lessons on the R^[ulaT Ac* 
ddence. Extra fcap. 8vo. is, 

II. — Second Year, containing Conversational Lessons on 
Systematic Accidence and Elementary Syntax. With Philo- 
logical Illustrations and Etymological Vocabulary, i^. 6d, 

III. — ^Third Year, containing a Systematic Syntax, and 
Lessons in Composition. Extra fcap. 8vo. 2s. td. 

MACMIIalaAN'S PR06RBSSIVS FRENCH READSRS- 

By G. EUGfeNE-FASNAdix. 

I. — First Year, containing Tables, Historical Extracts, 
Letters, Dialogues, Fables, Ballads, Nursery Songs, &c., 
with Two Vocabularies : (i) in the order of subjects ; (2) in 
alphabetical order. Extra fcap. 8vo. 2s, 6d, 

II. — Second Year, containing Fiction in Prose and Verse, 
Historical and Descriptive Extracts, Essays, Letters, Dialogues, 
&c. Extra fcap. 8vo. 2s. 6d, 

MULCBnXiZ.AV8 FROORaBBZirB OBBKAV GOVRSa— By 

G. Eug£:ns Fasnacht. 

Part I. — First Year. Easy Lessons and Rules on the R^;ular 
Accidence. Extra fcap. 8vo. i^. 6d, 

Part II. — Second Year. Conversational Lessons in Sys- 
tematic Accidence and Elementary Syntax. With Philological 
Illustrations and Etymological Vocabulary. Extra fcap. 
8vo. 2s. 

MACMILIaAN'S FOREIGN SCHOOL CLASSICS. Edited by 
G. EuGi:NE Fasnacht. i8mo. 

FRENCH. 

CORNEILLE—LE CID. Edited by G. E. Fasnacht. ij. 

MOLlkRE—LES FEMMES SAVANTES. Edited by 
G. E. Fasnacht. \In tXt ^rt^^. 
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ntSNCH CofOmutd-^ 

MOLI^RE-LE M£DECIN MALGR$ LU7, By the 
same Editor. [In preparation. 

MOLlkRE—VA VARE. Edited by L. Moriarty, B.A., 
Assistant-Master at Rossall, \In preparation, 

SELECTIONS FROM FRENCH HISTORIANS. Edited 
by C. CoLBECK, M.A., late l^eUow of Trinity College, Cam- 
bridge ; Assistant-Master at Harrow. [In preparation, 

VOLTAIRE— CHARLES XIL Edited by G. E Fasnacht. 

\In preparation, 

GRAMMAR AND GLOSSARY OM TH[E FRENCH 
LANGUAGE IN THE SEVENTEENTH CENTURY. 
By G. E. Fasnacht. 

GBBMAH. 

GOETHE— GOETZ VON BERLICHINGEN. Edited 
by W. G. GuiLLEMARD, M.A., Assistant-Master at Harrow, 
and H. A. Bull, B.A., Assistant-Master at Wellington. 

\In preparation, 

HEINE— SELECTIONS FROM THE PROSE WRIT- 
INGS. Edited by C. Colbeck, M.A. \In preparation, 

SCHILLER— MAID OF ORLEANS, Edited by Joseph 

GOSTWICK. 

UHLAND — SELECT BALLADS, Edited by G. E. 
Fasnacht. {In preparation, 

SELECTIONS FROM GERMAN HISTORIANS. By 
the same Editor. Part I. — Ancient History. [In preparation, 

*^j* Other volumes to follow. 

MAUTlV— THE POET'S HOUR: Poetry selected tnd 
arranged for Children. By Frances Martin. Third 
Edition. i8mo. 2J. 6d. 

SJ'HING-TIME WITH THE POETS: Poetry selected hj 
Fkancxs Martin. Second Eidi^nxi \%auc^. "^.W^ 
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MA09ON (GUSTAVP)— 4 COMPENDIOUS DICTIONARY 
QF THE FRENCH LANGUAGE (French-English and 
English-French). A^^apteci from the Dictionaries of Professor 
Alfred Elwall. Followed by %. List of the Principal Di- 
verging Derivations, and preceded by Chronological and 
Historical Tables. By Gustav|l Masson, Assistant-Master 
and Librarian, Harrow School Fourth Edition. Crown 8vo. 
half-bound. 6if. 

MOI.IERE— Z£ MALADE IMAGINAIRE, Edited, with 
Introduction and Notes, by Francis Tajiver, M. A., Assistant- 
Master at Eton. Fcap. 8vo. 2J. dd, 

MORRIS — Works by the Rev. R.MORRTS, LL.D. 

HISTORICAL OUTLINES OF ENGLISH ACCIDENCE^ 
comprising Chapters on the History and Development of the 
Language, and on Word-formation. Njsw Edition. Extra 
fcap. 8vo. 6j. 

ELEMENTARY LESSONS IN HISTORICAL 
ENGLISH GRAMMAR, containing Accidence and Word- 
formation. New Edition. i8mo. 2s, 6d, 

PRIMER OF ENGLISH GRAMMAR, i8mo. is, 

OIslV^ULftT—THE OLD AND MIDDLE ENGLISH, A 
New Edition of ''THE SOURCES OF STANDARD 
ENGLISH" revised and greatly enlarged. By T. L. King- 
ton Ouphant. Extra fcap. 8vo. 9j. 

» 

PAI.CIRAVB— 7!«:fi CHILDREN'S TREASURY OF 
' LYRICAL POETRY. Selected and Arranged with Notes 
by Francis Turner Palgravs. i8mo. 2s, 6d, Also in 
Two parts. i8mo. is, each. 

PIiUTARCH — Being a Selection from the Lives which Illustrate 
Shakespeare. North's Translation. Edited, with Intro- 
auctions, Notes, Index of Names, and Glossarial Indenu. b.<<\ 
tb« Rev. W. W. Skkat« VLK, OKwm%«i. ««. 
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(^-VhOl^vr—JVEfV GUIDE TO GERMAN' CONVERSA- 
TION: containing an Alphabetical list of nearly 800 Familiar 
Words followed by Exercises, Vocabulary of Words in frequent 
use ; Familiar Phrases and Dialogues ; a Sketch of German 
Literature, Idiomatic Expressions, &c. By L. Pylodkt. 
i8mo. doth limp. 2j. td, 

A SYNOPSIS OF GERMAN GRAMMAR. From the 
above. i8mo. 6dl 



QUEEN'S COLLEGE LONDON. ThB CalKNDAR, 1879-80, 
1880-81, 1881-82. Fcap. 8vo. Each u. 6^. 

READING BOOKS—Adapted to the English and Scotch Codes. 
Bound in Cloth. 



PRIMER. i8ma (48 pp.) 2d, 



n 

*» 



I. 


for Standard I. 


i8mo. (96 pp.) ^ 


II. 


M 


II. 


i8mo. (144 pp.) ^d. 


IIL 


»» 


IIL 


i8mo. (160 pp.) 6e/. 


IV. 


»> 


IV. 


i8mo. (176 pp.) %d. 


V. 


%% 


V. 


i8mo. (380 pp.) I J. 


VI. 


9* 


VI. 


Crown 8vo. (430 pp.) 



2J. 



Book VI. is fitted for higher Classes, and as an Introduction to 
English Literature. 

" They are far above any others that have appeared both in form and 
substance. . . . The editor of the present series has rightly seen that 
reading books must ' aim cMefly at giving to the pujnls the power o< 
accurate, and, if possible, apt and skilful expression ; at cultivating in 
them a good literary taste, and at arousing a desire of further reading.' 
This is done by taking care to select the extracts from true English classics* 
goine up in Standard VI. course to Chaucer, Hooker, and Bacon, as well 
as Wordsworth, Macaulay, and Froude. . , . This is quite on the ri^t 
track, and indicates justly the ideal which we ought to set before us."— 
Guardian, 



8HAKBBPEABE— ^ SHAKESPEARE MANUAL. By F. G. 
Fleay, M.A., late Head Master of Skipton Granunar School 
Second Edition. Extra fcap. %no. v* ^ 
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AN ATTEMPT TO DETERMINE THE CHRONO- 
LOGICAL ORDER OF SHAKESPEARE^ S PLA YS, By 
the Rev. H. Painb Stokbs, B.A. Extra fcap. 8vo. 4^. 6d, 

THE TEMPEST With Glossarial and Explanatory Notes. 
By the Rev. J. M. Jephson. New Edition. i8mo. is. 

80MNENSGHEIN and MBIKUBJOHN — 7HE ENGLISH 
METHOD OF TEACHING TO READ. By A. SoN- 
NENSCHBiN and J. M. D. Mbiklejohn, M.A. Fcap. 8vo. 

COMPRISING : 

THE NURSERY BOOK, containmg all the Two-Letter 
Words in the Language, id. (Also in Large Type on 
Sheets for School Walls. 5^.) 

THE FIRST COURSE, consisthig of Short Vowels with 
Single Consonants. 6d. 

THE SECOND COURSE, with Combinations and Bridges, 
consisting of Short Vowels with Double Consonants. 6d. 

THE THIRD AND FOURTH COURSES, consisting of 
Long Vowels, and all the Double Vowels in the Language. 
6d. 

** These are admirable books,^ because they are constructed on a prin- 
dple, and that the simplest principle on which it is possible to learn to read 
l^^lish.' — Spbctator. 

STEPHEN—^ DIGEST OF THE LAW OF EVIDENCE, 
By Sir James Fitzjames Stephen, a Judge of the High 
Court of Justice, Queen's Bench Division. Fourth Edition. 
Crown 8vo. 6s. 

** An invaluable text-book to students."— The Times. 

TArtlsO^— WORDS AND PLACES; or. Etymological Illus- 
trations of History, Ethnology, and Geography. By the Rev. 
Isaac Taylor, M.A. Third and cheaper Edition, revised 
and compressed. With Maps. Globe 8vo. dr. 

TAYLOR—^ PRIMER OF PIANOFORTE PLA YING. B^ 
Feanklin Taylor. Edited b^ Oi5.0TkG«. Qi^<3^il. -s&sasi. vs.- 
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^HOUSEHOLD MAi^AQEMEUrT AND 

COOKERY^ With «» Appendix of g^leoipes used by the 

Teachers of the National School of JCookery. JBy W. B. 

Tegstmsier. Compiled at the request of the School Bonrd 

for London. i8mo. \s. 

"Admirably adapted to the use for which it is designed. ** — ^ArHFNiSVM. 

"A seasonable and thoroughly practical manual. ... It can be consulted 
readily and t^e informs^tioja it contam? jis jgiyen in the simyplest language.'* 
— Pall Mali- GA.zrtTTitl* ' ;<''•■• •- • ' 

THB G^BXS RBADBR8. For Standard? J.— yj. Edited by 
A. F. MURISON. With Illustrations. [Immediately. 

T^,pJIJ^OT^-FIRST {.e^SON^ /^ j^Qp^^^^EP/NG. By 
J. Thornto;}!. Cfown §vo. 2s, ,6<f. 

The object of this volume is to makethe^eory of Sook-keeping suf* 
ficiently plain for even children to understand it. 

THRIMG — Works by Edward Thring, M.A., Head Master of 
.Uppingham. 

TlfE ELEMENTS OF GRAMMAR TAUGHT /JV 
ENGLISH, With Questions. Fourth Edition, i&no. 2s. 

TRENCH (ARCHBISHOFy— Works by R. C Trewch, D.D., 
Archbishop of Dublin. 

HOUSEHOLD BOOK OF ENGLISH POETRY. Selected 
and Arranged, with Notes. Third J£dltion. Extra fcap. 8vo. 
5J. dd, 

ON THE STUDY QF WORlf^. Si^yqatei^nth Edition, 
revised. Fcap. 8vo. 5^. 

ENGLISH, PAST AND PRESENT^ Eleventh Edition, 
revised and improved. Fcap. 8vo. 5j. 

A SELECT GLOSSARY OF ENGLISH fVOfiPS, used 
formerly in Senses P^erient fr<»n their Pr^sei^t. Fifth 
Edition, revised and enlarged. Fcap. 8vo. §f. 

MTjkUaHAN (P.M.)- WORDS FROM THE POMTS. By 
C. M. Vauohan. New E^Vdon. i%tqo. «2to^ \*, 
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iriOTOniA UNlVElft^rrV tAlM^VirjiAtL, with the CaTendifr of 
the Owens College, 1880-1881, 1881-1882. Grown 8vo. 3J. 

i/nqrcBirr' t^A pxci^fsoT^f'-BANDBOOK to modern 

GREEK, By Edgar Vincent, Coldstream Guards, and 
T. G. Dickson, M.A. Second Edition, revised and enlarged, 
with Appendix on the relation of Modern and Classical Greek 
by Pi^f. R. C. Jebb. Crown 8vo. ds. 

** This is a grammar and conversation book in one, and avoids with great 
success the tediousness too common in ' grammars and the silliness too 

c6mmon in conversatibn books ft will not be Messrs. \^hcent aCnd 

Dickson's £ault if ^(heir work does not contribute materially to the study 
of Greek by Englishmen as a living language." — Pall Mau. Gazette. 

WARD— TW:^ ENGLISH POETS. Selections, with Critical 
Introductions by various Writers and a General Introduction 
by Matthew Arnold. Edited by T. H. Ward, M.A. 4 
Vols. Vol. I. CHAUCER TO DONNE.— Vol. II. BEN 
JONSON TO DRYDEN. — Vol. III. ADDISON to 
BL AKE. — Vol. IV. WORDSWORTH to SYDNEY 
DOBELL. Crown 8vo. Each 'js. 6d, 

*' They fill a gap in English letters, and they should find a place in every 
school library. It is odds but they will delight the master and be the 
pastime of the boys. . . . Mr. Ward is a model Editor. . . . English 
poetry is epitomised ; and that so biilliantly and well as to make the book 
in which the feat is done one of the best publications of its epoch." — The 

l^EACHER. 

WHITNEY — Works by William D. Whitney, Professor of 
Sanskrit and Instructor in Modem Languages in Yale Collie. 

A COMPENDIOUS GERMAN GRAMMAR. Crown 
8vo. 4/. Sd. 

A GERMAN READER IN PROSE AND VERSE, with 
Notes and Vocabulary. Crown 8vo. $5, 

WHITNEY AND ED6REN— ^ COMPENDIOUS GERMAN 
AND ENGLISH DICTIONARY, with Notation of Cor- 
respondences and Brief Etymologies. By Professor W. D. 
Whitney, assisted by A. H. Edgren. Crown 8vo. *js. 6d, 

THE GERMAN'ENGUSH PART, %fcv^x«xj^>i^ V- 
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WRIGHT— TV^iS SCHOOL COOKERW BOOK. Compiled 
and Editod by C £. Guthrib Wright, Hon. Sec. to the 
Edinburgh School of Cookery. i8mo. u. 

Sir T. D. ACLAND, Bart, says of this book :— " I think the * School 
Cookery Book ' the best cheap manual which I have seen on the subject, 
I hope teachers will welcome it. But it seems to me likely to be even 
more useful for domestic purposes » all ranks short of tlwse served by 
professed cooks. The receipts are numerous and precise, the explana- 
tion of principles clear. The chapters on the adaptation of t(xxl to 
varying circumstances, age, climate, employment, health, xuid on infants' 
food, seem to me excellent." 

YON6E (CHARLOTTE Jn^y-THB ABRIDGED BOOK OB 
GOLDEN DEEDS. A Reading Book for Schools and 
general readers. By the Author of " The Heir of Red- 
dyffe." i8mo. cloth, is. 



No"!^ publishing, in CrowA 8vo' price zr. 6d. dich. 

ENGFtlSH MEN OF LETTERS. 

Edited by JOHN UORLET. 

'* These eatcellent biographies should be made daas-books for schook." — 

Westminster Revie-'' 
JOHNSON. By Leslie Stephen, 

SCOTT. By R. H. Hutton. 

QIBBON. By J. C. MORlSCiN. 

SHEIiIiBY. By J. A. Symonds. 

HUMB. By Professor Huxley, F.R.S. 

GOIaDSMITH. By WiLLIAM BlACK 

DBFOE. By W. MiNTO. 

BURNS. By Principal Shairp. 

SPENSER. By the Very Rev. the Dean OF St. Paul*<,. 

THACKERAY. By ANTHONY TroLLOPE. 

BURKE. By JoHN MORLEY. 

MIIaTON. By MARK Pattison. 

HAIVTHORNE. By Henry James, Junr. . 

SOUTHEY. By Professor Dowpen. 

CHAUCER. By Professor A. W. Ward. 

BUNYAN. By James A. Froude. 

POPE. By Leslie Stephen. 

BYRON. By Professor Nichol. 

COWPER. By GOLDWIN SMITH. 

laOCKE. By Professor Fowler. 
VrORDSVrORTH. By F. W. H. Myers. 
DRYDEN. By G. Saintsbury. 
LAN DOR- By Professor Sidney Colvin. 
DB QUIWCBY. By Professor Masson. 

IN PREPARATION. 
SvriPT. By John Morley. 

ADAM SMITH. By Leonard H. Courtney, M.P, 
BENTIiBY. By Professor R. C. Jebb. 
XlICKENS. By Professor A. W. Ward. 
BERKBIiEY. By Professor Huxley. 
CHARIaES IiAMB. By Rev. Alfred Ainger. 
STERNE. By H. D. Traill. 
SIR PHILIP SIDNEY. By J. A. Symonds. 
MACAULAY. By J. COTTER MORISON. 

ORAY, By Edmund Gosse. 

Other Volumts oiutli /ollou). 



MAGMILLAN'8 GLOBE LIBRARY. 

Price is, id* per voluiHe, iti cloth. Also Jsept ill a varietj^ e^calf and 
morocco bindings ^ at Moder Ate prices. 

"The Globe Eaiddns are admirable for their scholarly editing, Aelr typo- 

fapjucal excellence, their compendious form, and their cheapness."— Sat urd a V 
EVIBW. 

Shakespeare's Complete Works. — Edited by W. G. Clark, 
M.A., and W. Alms Wrtght, M.A., Editors 6f tfie 
** Cambridge Shakespeare." With Glossary. 

Spenser's Consplete Works- — Edited from the Or!|^al £dlfi^iiis 
and Manuscripts, by R. Mokris, with a Memoir by J; W. 
Hales, M.A. With Glossary. 

Sir W^alter Scott's Poetical Works. •— Edited, wit^^. a 
Biographical and Critical Memoir, by Francis Turner 
Palgrave, and copious Notes. 

Complete Works of Robert tiiiirns. — Edited from tile f>e&t 
Printed and Manuscript authorities, with Glossarial IrAtk, 
Notes, and a Biographical Memoir by Alexander SMITH. 

Robinson Cmsoe.-^Edited after the Original Editiofis; With' a- 
Biographical Introduction by Henry Kingsley. 

Goldsmitli's Miscellaneotis Works. — Edited, with Biographical 

Introduction, by Professor Masson. 

Pope's Poetical W^orks. —Edited, with Notes suid Introductory 
Memoir, by A. W. Ward, M.A., Professor of History in 
Owens College, Manchester. 

Dryden's Poetical W^orks. — Edited, wit^ a Memou", j(e^ed 
. Text and Notes, by W. D. CriRiSTlE, M.A., of Trinity College, 
Cambridge. ^ *.. . / 

Cowper's Poetical Works.— Edited, witii Notes and Biographi- 
cal Introduction, by WiLLlAM Benham, Vicar of Marden. 

Morte d'Arthur.-SIR THOMAS. MALOI^YS. Bd6k 6F 
KING ARTHUR AND OF HIS NOBLE itNIGHtS Of 
THE ROUND TABLE.— The original Edition of Caxton, 
revised for Modem Use. With an Introduction by Sir 
Edward Strachey, Bart. 

The \«rorks of Virgil.— Rendered into English Prose, wi^ 
Introductions, Note>, Running Analysis, and an Index. By 
James Lonsdale, M. A., and Samuel Lee, M.A. 

The Works of Horace.— Rendered into English Pr^, with 
Introductions, Running Analysis, Notes, and Index. B]^ JAMKS 
Lonsdale, M.A., and SamueL Lee, M.A. ^ 

Milton's Poetical ^orkik. — Edited, WitK inttoflucficfes, Sf 
Professor Masson. 
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